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INTRODUCTIOX 

Throughout the United States little was known until recently regarding 
verv young veal, since the sale of calves less than 3 to 6 weeks old for 
food is prohibited by Federal and State laws. ' Our attitude toward veal, 
as toward many other foods, has been detennined in part by custom 
and prejudice and in part by economic conditions and experience, often 
being illogical; therefore it is of interest to ascertain in such cases how 
far belief is justified by facts, as shown by controlled experimental tests. 

That the common opinion that veal is less wholesome than beef and 
young veal less so than mature veal is not a consistent prejudice against 
young flesh foods is shovm by the common and apparently growing 
taste which prefers squab to pigeon, ranks broilers as superior to fowls, 
considers sucking pig a great delicacy, and regards hothouse lamb — that 
is, lamb less than 3 months old and rapidly grown and fattened — as 
much superior to older lamb as lamb is to mutton. 

That economic conditions may have an effect upon opinion, w'hich is 
not consistent, is shown by the situation with respect to the marketing 
of calves. In grazing areas where the cheapness of food makes it possi- 
ble to rear cattle at least to early maturity there is a natural tendency 
to do so. In regions where the dairy industry is highly developed, 
milk is such an important product that it is not thought profitable to 
rear calves beyond the period when the mother's milk becomes salable, 
and so, even though they can not be marketed and the producer will 
seldom care to use on his own table what he is prohibited from selling, 
they are often slaughtered at from 3 to 6 days old instead of fed until the 
lawful marketable age. 

The prejudice against veal, and more particularly young veal, is 
inspired chiefly, it would scietn, b\' the belief that it is indigestible, by 
which is meant either that it causes a digestive disturbance or that it 
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fails to digest as thoroughly as other meats, with the result that it is 
either harmful or undesirable as food. That this opinion does not rest 
on general experience is indicated by the contrary belief in Europe^ 
which ranks veal as a particularly desirable meat, even for invalids, and 
which regards very young veal much as it does young pig and young 
lamb. 

The question of its dietar}' value and its digestibility, both in the more 
popular as well as in the technical sense, thus becomes one worthy oi 
study for itself and for its bearing upon the common prejudice against 
the use of voung veal as well as upon the related matter of wholcsoint- 
ness when this food is eaten in comparison with more commonly accepted 
ff>ods, and accordingly the tests liere reported were undertaken. 

PREVIOUS EXPERIMENTS 

In the literature consulted empirical conclusions are not uniform and 
very little definite information has been found regarding the food value 
and possible nsc in the diet of very young veal. 

vStudies have been made, however, to detenriine what the difference 
is, chemically or otherwise, betAvecri very young veal and the olde: ■ 
market veal. Fish (4),^ for instance, conducted such an investigation, 
with the object of obtaining data Avhich would enable him to determine 
the relative age of the animal in market, so that the very young could 
be detected. He detennined the specific gravity and freezing point of 
the tissue juice and also the percentage of water, finding that in ver\ 
young veal, where more water is present in the tissues, there is less depres- 
sion of the freezing point and a lower specific gravity. In continuation 
of this work, the same author (5) made dietary studies to determine 
whether the flesh of the young calf from i to 14 days of age exerts any 
injurious effects upon the consumer. Seven families, including over :o 
individuals from 2 to 60 years of age, ate this meat and reported no 
physiological disturbances, the health of each remaining apparently 
normal. Later, the results of experiments in vitro led Fish (6) to con- 
clude that the difference in the thoroughness of digestibility of the tissues 
of very young and market veal is so small as to be practically negligible. 

Very recently Berg (3) has reported the experimental data of a bio- 
chemical comparison of beef and immature veal in which he discusses 
the chemical composition, digestion in vitro, and results of feeding ex- 
periments made with animals (cats) in the laboratory. He concludes that 
there are no physiologically significant differences in the chemical com- 
position of beef and immature veal. In a large number of artilicial 
digestion experiiftents he found that immature vcnl was as quickly 
digested as beef. In the feeding experiments with cals, immature 
veal supplied all of the nitrogen and a large share of the energy of the 
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diet animals remained in a normal condition at all times, exhibit- 
jflrr characteristic functions of growth, inaintenance, and reproduction, 
gei-cr reports that the immature veal at times was kept in an ice box at 
2« to 4° many days before use and that it remained in edible con- 
dition. 

It is evidently the opinion of the more recent investigators that very 
young veal, or, as it is commonly called, bob veal, is not unsuited for 
use as human food. As very little information, however, is available 
as rec^ards the coefficient of digestibility of very young veal, a series 
of experiments was undertaken to determine the completness of digestion 
of this material by the human subject in normal health. 

DIETARY TESTS 

Before attempting to study the digestibility of very young veal, tests 
V. ere made in which it was cooked in the laboratory and in several homes 
and eaten in quantity, althougli no record was kept of the amounts of 
\cal and other foods eaten, 'fhe. purpose of these tests was to ha\e. very 
voun«‘ veal prepared by different methods and eaten by a large number 
of persons whose ages and daily activities were quite varied, to see 
whether purging or other disturbances of digestion would result and 
whether there was warrant for the popular belief that it is indigestible 
in the sense that it causes illness or distress. In general, it may ])e said 
that no physiological disturbances were noted either in the laboratory 
tests with individuals or in the tests made in a number of families. 

Reports of the individual tests of the use of very young veal a?re as 
follows : 

In family A the ages of the various members ranged from 4 to 65 
years. Observations of the dietary value of bob veal were made at 
various times, using different portions of the carcass, \\ath one excep- 
tion no fnctnbcr of the family was apprised of the age of the veal, wdiich 
was cut up into small pieces and prepared in the fonn of a stew. The 
criticism offered in regard to the meat was that it seemed somewhat dry, 
and one member of the family remarked that it seemed to be stringy. 
No one experienced any ill effects whatever from eating the meat, and all 
appeared to relish it as much as market veal. 

Family B was comprised of comparatively young adults only. All the 
members of the family were apprised of the nature of the meat, which 
was served in the form of a roast. Their criticism of the. veal was that it 
seemed rather tasteless— that is, lacked flavor— and that although it 
appeared good it would not be. preferred to the ordinary market veal, 
^'o instances of any ill effects resulted from eating this meat. 

Family C was composed of both children and adults whose, ages ranged 
oyer a period of 50 or more years. In this study tests w’cre made at two 
different times. On one occasion the 's eal was seiwed in the fonn of a 
blew, w'hile in the other case it was sensed roasted. Only one. member 
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of the family knew the age of the veal. All appeared to enjoy the meat 
and made no remarks which would indicate that they were aware of its 
nature No physiological disturbances were noted during these tests. 

In general, it was noticed that when bob veal was cooked as a roast it 
presaited a less appetizing appearance than did the more mature meats. 
This is due principally to the greater amount of water in the meat and 
to the less firm structure of the muscular tissue ; consequently, when the 
meat is roasted or broiled— methods of cooking which cause the evapo- 
ration of considerable of the water— the meat shrinks away from the bones, 
producing an abnonnal and undesirable appearance. However, if the 
veal is removed from the bone, it may be roasted, broiled, or used to 
make stews with very satisfactory results. 

The younger veal was found to take the place quite satisfactorily of 
the common market veal, In practice, the shrinkage in cookery due to 
loss of water would mean the purcliasc of a larger quantity for the table 
if the same amount of meat is to be eaten, The deficiency in fat can 
be made up by adding fat in cookery. No study was made of the 
effects of handling upon market quality, or of the general question of 
legal regulation with respect to the marketing of young veal. 

digestion experiments 

SELECTIO.V AND COMPOSITION OE MATERIAL 

The series of digestion experiments reported was made in this laboratory, 
at the request of the Bureau of Animal Industry. The age of the calves 
used (in every case supplied by the Bureau of Animal Industry) was 
never more than five days, this age being arbitrarily selected in order to 
have as great a difference in maturity as possible between this type of 
veal and market veal. This was done so that any difference in the diges- 
tibility of the two types would be easier of detection should a difference 
exist. The calves used were procured without regard to breed or size 
and were healthy individuals passed by the Federal meat inspectors. 

The calf was slaughtered the day preceding the cooking of the meat, 
and the carcass was stored in the meantime in a well-cooled refrigerator, 
no attempt being made, however, to study the keeping quality of the 
meat under ordinary trade and household conditions, a matter wnich 
apparently has not been studied. The cut most generally used in the 
digestion experiments was the leg, while the remainder was used for the 
dietary studies. This cut was chosen since it was easy to obtain the same 
cut of market veal for check experiments. The waste material (bone, 
tendon, etc.) in the legs of the very young veal was determined and foun 
to be approximately 40 per cent. This amount of waste is much greater 
than that of mature veal, which is reported as 1 2 per cent (maximum, 25 
per cent; i, p. 31-32). Since muscular tissue is less developed in younge- 
animals, it is logical to expect that there will be less tissue in proportion 
to bone. 
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In order to make a comparison of the percentages of the principal food 
^^nstituents in the two types of uncooked meat, an analysis of the very 
vonug veal and market veal is given below. The percentages which are 
reported here are those obtained by averaging the. results obtained from 
the analysis of a number of difTerent samples. Very young veal: Water, 
•76.09 per cent; protein, 18.48 per cent; fat, 2.79 per cent; ash, 0.99 per 
cent. Market veal: Water, 71.97 per cent; protein, 20.07 per cent; fat, 
" 43 P^^ ^ comparison of the two types of veal 

shows that very young veal contained more water than market veal and 
correspondingly less protein and fat. However, when the meat was 
cooked, the difference in the amount of protein and fat in the two types of 
veal was lessened, owdng to the loss of more water from the very young 
veal than from the market veal. It was found that there was an average 
of 33-3 per cent of protein in the former and 34.41 per cent in the 
latter type of veal, although it is obvious that these ligures represent 
merely the protein content of meat cooked by a single method. Ob- 
viously, if the meat were cooked in another way, for a longer or shorter 
period of time, using a different amount of fat, or employing more or less 
heat, the composition would vary quite materially. The chief difference 
in the composition of the meat from the very young and the older calves 
is in the percentage of water present ; this decreases as the animal grows 
older, while at the same time the percentage of fat in the meat increases. 
Aside from this, the meat of the two ages shows very little difference. 

N.VTURli OF Tlin DIET 

The very young veal was prepared by cutting in a meat cutter 
all the meat to be used for an experimental period, The meat was 
then thoroughly mixed to give a uniform product for eating and for 
analysis. After the meat had been prepared in this manner, it was 
cooked in the form of small cakes resembling Hamburg steak, A 
small amount of animal fat was used in cooking, but no at tempt was 
made to increase materially the fat content of the meat cakes, and, 
roughly, the same amount was used for both bob veal and mature veal. 

It has often been observed that the digestibility of a food is more 
satisfactorily determined if it be incorporated in a mixed diet than if 
eaten singly. Consequently, it was decided that the ba+^al ration to 
be used in studying the digestibility of the meat in question should 
contain fruit, bread and butter, and tea or coffee with sugar, if de- 
s-H'cd. It can readily be seen that this diet contains all the essential 
constituents of a well-balanced ration, while at the same time the pro- 
tein constituent of the diet is derived principally from the veal. It 
'^vas impossible in these tests to prevent the subjects from knowing 
the nature of the diet. Tor instance, they all knew that they were hav- 
meat of some sort and that fat was used for the purpose of frying, 
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but it is hardly possil>le, that they were definitely aware of the source 
of the meat. If this was the case, it is reasonable to believe that the 
appetite of the subjects and the dijrcstibility of the food were not ai^ 
fected by any psychic factor. 

I'he three-day or nine-meal experimental period, which is very often 
used in investigations of this kind, was again adjudged to be most sat- 
isfactory. In order that the subjects should experience no monotonv 
while eating the ration, each test period of three days per week was 
followed by a rest period of four days; and, furthermore, the digestion 
experiments were conducted only on alternate weeks. During the in- 
tervening weeks tests were made of the digestibility of other food 
materials. 

sur-jjKCTS 

Fi\e subjects assisted in making this investigation. They were 
active young men of good physique and, as dental students, all were 
sufficiently interested in physiological questions to appreciate the im- 
portance of carrying out carefully such directions as were given them. 
They were urged to obser\’'e accuracy especially in the collection of 
feces, since in considering the digestibility of any food material it i> 
more essential to know the amount of food retained and assimilated 
by the body than only the total amount of food consumed. To assist 
in identifying the feces of the test period, charcoal, which imparts a 
dark color to the feces, was given with the first meal of the test period 
and with the first meal following the period, The feces showing a 
dark color and all excreted until the dark color imparted by the char- 
coal was again noticed w ere retained for analytical purposes. The sub- 
jects were asked to bring notes describing their physical condition 
before, during, and after each test period. They all reported that with 
the exception of one or two colds they were in normal physical con- 
dition daring the. entire lime tliat the investigation was in progress, 
Consequeiithg it has not been considered necessary to give in detail any 
of the individual reports which ^vere received. 

i:XI'ERI.MK\TS W'lTH VERY YOUNG VE.^L 

Inasmuch as lean meat like very young veal consists almost wholly of 
water and protein, these c.xi)eriraents are concerned only udth ’ihc' 
digestibility of protein. One method of determining the digestibility oi 
a singde food of a mixed diet is to determine by digestion experiincnt; 
with the basal ration alone the amount of undigested residue occurntiy 
from th.c accessory foods, and for which a corresponding correctiou tiEV' 
be applied to the digestibility of the total ration, A second method con- 
sists in estimating tlie digestibility of the basal ration, vSince the digesu- 
bilicy of the protein of wheat flour, fruit, and butter have been aceurau.iy 
determined by previous investigators, satisfactory factors are avuib.dk 
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for estimating the digestibility of the protein furnished by these foods. 
Accordingly* in this investigation it has been assumed that the protein 
of bread is 93.8 pet cent (8, p. 33), that of butter 97 per cent (2, p. 104), 
and that of fruit 85 per cent ( 2 , p. 104) available. The following equa- 
tions illustrate the method of applying the above factors; 

r\\-ei<^ht of protein in bread, butter, fruit] X [Percentage of undigested 
protein in each] = [Undigested protein from basal ration], 

[Total undigested protein] — [Undigested protein from basal ration] = 
[Undigested protein from meat alone]. 

[(Meat protein consumed) - (Undigested protein from meat)] -r [Meat 
protein consumed] ^[Kstimated percentage digestibility of meat 
protein]. 

The results which have been obtained in the tests of the digestibility 
of verv young veal are given in Table I: 

T'XRlH I- — -Daio, of dirjesiion experimonis ivith very young veal in a shnpie mixed diet 


lixjjerlinent No, 5 (subject W. A. D.): 

Meat 

Bread 

Butter 

Fruit 


Total food consumed . 


I'eces 

.\iiiount utilized. 


Digestibility of entire ration 

Estimated digestibility of very young veal. 

Experiment No. 6 (subject E, D. J.): 

Meat 

Bread 

Butter 

Fruit 

Sugar 


Total food consumed . 


Feces 

Amount utilized. 


Digestibility of entire, ration 

SsLiraated digestibility of veiy young veal. , 

Experiment No. 16 (subject J. H. K.); 

Meat 

Bread 

Butter 

Fruit 

Sugar 


Total food consumed . 


! 

Gm. 

1 d... 

736. 0 

327. 4 

707. 0 

67.0 

2 S 4 - 0 

2 - 5 

T, 467. 0 

4 ' 3 

3, 164. 0 

302. I 

41. 0 

i 15.6 

5 




704. o 
942. o 


745-0 
154. o 
I, 418, 0 
410. 0 


3 - 330- o ^ 


217- S 

yo. 7 

2. I 

4.0 


2S. 8 
2 S 5 - 5 


287. 6 
66.5 
1-5 
3-^ 


Per mit. 

50. no 


0 So 
95 - 30 


30.90 
9 - 63 
I. 00 
. 29 


90. So 
S9. 70 


40. or 
8, 03 
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T.arlij I— Data of digestion experiments -with very young veal in a simple viixed dh 
Continued 


Item. 

Weight. 

Protein, 

Experiment No. i6 — Continued, 

Cm. 

45-0 

Gin. 

21. 6 
337- 1 

48-53 

Amount utilized 




94-00 
94. to 

40 95 

8.92 




Experiment No. 17 (subject W. K. E.): 

70b. 0 
816, 0 
129. 0 
h 557 - 0 
t88. 0 

289. I 
72.8 

13 
3 - 5 







3. 396. 0 

3OG. 7 


44, 0 



347 - ^ 

4 A 94 



94 - Sc 
93- -10 



Estimated digestibility of ver^^ young veal , . . .! 



Experiment No, 27 (subject W. A, D.): 

699. 0 
859. 0 

133 - 0 

I, 218. 0 



76. 8 1 8,9.1 

*•3 i I. DC 

3 - 0 i ■ 

Butter 

Eruit 

Total food consumed 

j T, 90Q. 0 

283.4 


Fcccs 


56. 0 

II. 4 

272, 0 

20.3; 

Amount utilized 

Digestibility of entire ration 


96.00 
97 - 30 

28.94 

8.94 
1. 00 



Estimated digestibility of vety' young veal 



Experiment No. 28 (subject J, R. F.): 

Meat 

752.0 
7x7. 0 
206. 0 
r, 2og. 0 
' 68. 0 

217. 6 
O4, 1 

2. 1 

Bread 

Butter 

Fruit 

Sugar 


Total food consumed 


2.952. 0 

286.8 


Feces 

40. 22 

58.0 

A 3 - 3 
263- 3 

Amount utilized 

Dlgestibiliiv of entire ration 





QI. 90 
91.4c 

28 . 04 

8.94 

I. DO 

Estimated digestibility of very young veal .... 



Experiment No. 29 (subject W, E. L.); 

Meat 

684. 0 
683. 0 
127. 0 
I, 280. 0 

1 1 5. 0 

197.9 
61. 1 
1-3 
3-2 

Bread 

Butter 

Fruit 

Sugar 

Total food consumed j 

■ ■ ’ 

2, 066. 0 j 

263. 3 
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„ , - 7 -^Data of digestion experiments 'ddih very young veal in a simple mixed diet— 
Continued 


Item, 


Weight. 


Protein, 


No. 29 Continued. 

Gm. Gm. 

68 . 0 ; 32. 5 , 

47.82 


Digestibility' of entire ration 


I 87. 70 

I 85. 80 

Estimated digestibility of very' young veal 

Average food consumed per subject per day . . 


964. 2 : 10^. 6 j 


SUMMARY OF EXPERIMENTS WITH VERY YOfNG VEAL 


l)i|.;es:(it)ilit5- of protein. 


BCnt No. 1 


Total diet. 

Veal alone. 

5 

W. A. D 

Per (fni. 
94. 8 

Per cent. 

95-3 

6 

E. D. J 1 

90. 8 

89. 7 

16 

J. H. K 1 

94 - 0 

94, 1 

17 

W. E, L ! 

94. 8 

95 - 4 


W. A. D ! 

96. 0 

97-3 

:S 

' T. R-F ! 

9T. 9 

j 91- 4 



W. E. L 

87. 7 

1 85. 8 


! Average 

92.9 

92. 7 


From the data recorded in these tables it may be calculated tliat an 
average of 237 gm. of meat, furnishing 78 gm. of protein, or 75 per cent 
of the total protein of the diet, was eaten daily. The five subjects com- 
pleted the experiments in good condition and without having experienced 
any phv'siological disturbances. The average values of seven experi 
ments for the digestibility of total protein and that of meat protein alone 
are practically identical, being for the former 92,9 per cent and for the 
latter 92,7 per cent. The values estimated for the digestibility of bob- 
veal protein in the different experiments are not consistently higher or 
lower than the determined values for the protein of the total diet. This 
irregularity is very likely due to the variation in the amounts of protein 
obtained from the difTerent sources. 


CHECK EXPERIMENTS 

Tests of the digestibility of market veal, using the same basal ration 
and with the same subjects and method of cooking as for bob veal, 
^vc^e made in order to compare the digestibility of very young and 
•narket veal under identical conditions. For this purpose legs of veal 
from animals at least 4 weeks old were purchased in the open market . 
-Although it was realized that market veal contained a larger percentage 
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of fat than bob veal, only the superficial fat was removed before eooV 
ing, no attempt being made to secure meat cakes from market veal of 
tlie same composition as those made of bob veal. The fat contained ii] 
the market veal comprised the minor portion of the total fat content of 
the diet, and, moreover, for the sake of comparison with bob veal, it 
was necessary to know only the digestibility of protein. The digesfi. 
bility of the protein alone, therefore, has been studied in these experi. 
meats. This is reported for the entire ration and has been estimated 
for the protein of meat alone in the manner previously described. 

liie results of three experiments with three subjects are given in 
Table II. 


T.'vbi.Iv II . — Data of digestion experiments with market veal in a simple mixed diet 


Ttem. 

Wciglu. 

Protein. 

Expcriitienl No. 18 (subject J. H. K.): 

Cm. 

Gm. 

Cercem 

^leat 


219, 0 

3 + SI 
?• 'i 

Bread 

1 569. 0 1 

58-0 

Butter 

! 178. Q 

1.8 


Fruit 

; 1,568.0 

3-0 


Total food consumed 

2, 944. 0 

1 276. 8 I 



Fcccs 38. 0 ! 17. 1 

Amount utilized SiQ- 7 


Dijrcstibilitv of entire ration 

Estimated digestibility of market veal 



93.80 

93.00 

Experiment No. 19 (subject W. E. L.); 

Meal 

Bread 

Btitter 

Fruit 

Sugar 

i 

689. 0 

725.0 

158.0 
. . 1. 5.10. 0 

239. s 
67-3 

I. 6 
2.9 

34. Sr 

C.19 













Fcccs 

Amount utilized 

57.0 

24.8 
287. 0 

43.5 




Eieestihilitvof entire ration 



0’ 0: 

Estimated digcstibilitv of market veal ' 


91. to 

P-9 

Experimem No. 22 (subject W. A. 1).): j 

Meat 1 1 

1 

Bread 


277 - 9 , 

in ! 


Butter j 02 0 

59 ' ^ 

1.03 

Fruit 

, 0. 9 

i 12! 


. r / -■ 



Total food Consumed 








Feces 

; ... 


3S.O4 

Amount utilized 

24. I 
318.6 






Digestibility of entire ration .... 




Estimated digestibility of market veal ... 


P- P 





Average food consumed per subject per day 

1,050.7 

103. 4 1 
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SUMMARY OF EXPERIMENTS WITH MARKET VEAE 


" 

j 

Digestibility of protein. 

i 

jDPat No- ■ 

Suliject. I 

Total diet. 

Market veal 

iilDiie. 



Per cen{. 

Per cent. 

18 

T, H. K 

93-8 

9 . 1-9 

W. E. L 

92. 0 

QI. 6 






9 , 1-0 

92,9 


Average i 

! 93- 9 

92. 8 


* 

The digestibility of the protein of the total diet was detcnniiied to be 
92.9 per cent, while it was estimated that the protein of market veal 
alone was 92.8 per cent available, values somewhat lower than those 
found by Grindley (7) for roast veal and for meat in general. The 
amounts of food eaten in these experiments and those with bob veal 
were approximately the same and furnished the same average amount 
of total protein (103 gm. per day), indicating that both rations \vere 
eaten with equal relish. 

COXCLUSIONS 

As determined by the experiments herein reported, the digestibility 
of the protein of bob veal is the same as that found for market veal — 
namely, 93 per cent, in round numbers. The subjects of both dietary 
and digestion experinicnts, so far as could be learned, experienced no 
phvsiological disturbances during the experirnenlal ]ieriod or afterwards. 
The tests showed that such veal can be prepared for the table in palat- 
able ways and that so far as could be judged it w’as not unwholesome 
when eaten in quantity. In the digestion experiments the average 
weight of protein supplied by the meat exceeded that generally fur- 
nished by the meat portion of the ordinary diet, indicating that very 
young or bob veal was not distasteful, The experiments here reported 
also indicate that the general opinion that young veal is a common 
cause; of digestive disturbance or fails to digest as thoroughly as similar 
foo<l8 is not justified. 
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INFLUENCE OF CALCIUM AMD MAGNESIUM COMPOUNDS 
ON PLANT GROWTH ‘ 

By F. A. Wyatt, - 

IK Soil Fertihiy, Agricultural Experiment Station of the Uniierdiy of Jllhiois 

INTRODUCTION 


Some investigators seem to question the advisibilitv oi usin'-’- 
nesium-bearing minerals in agricultural practices, since 'they deem ma-' 
ncsium detrimental to optimum plant growth. Magnesium in some forms 
is detrimental to plant growth. However, the natural carbonates such 
a5 limestones and dolomites, are not detrimental but in reality beneficial 
tt) plant growth when applied in amounts sulTicient to neutralize soil 
acidity. Plants were found to grow and mature norrnallv in pure dolo^ 
mite and limestone. 

InscienUlic circles considerable attention has .been paid to the theory 
lliat calcium and magnesium must occur in a definite ratio for the opti 
mum production of crops. Loew claims to have proposed this theorv in 
1S92 (15)’, and mucli work has been conducted along this line especially 
eluting the last decade. From the data presented in the followdnc name’s 
;t mil be seen that the ratio, within wide limits, had no effects " " “ 

The presence of sufficient quantities of calcium and magnesium in all 
soils is essential for the profitable production of crops. I’arious forms 
and quantities of these two elements may largely control the yields and 
composition of the harvests. 


re IS a well-known fact that plants will tolerate larger amounts of an 
tssential element than they require. The quantity of calcium and mag- 
ncsinm taken up by plants is dependent upon the amount available and 
upon the kind of plants. The silicates of calcium and niagnesinn, are 
relatively insoluble, while the chlorids are very soluble. Dolomite is 
yser and less soluble than limestone but more soluble than magnesite' 
•..nhctic compounds of magnesium are more soluble, however than 
Similar compounds of calcium. 

caldlmt' ™ '^mounts of 

with magnesite, also 

sulohLs^' I two elements, such as the chlorids, 

■Jp hates, and carbonates, was found to contain varying amomns of 

5 P’^^gc.tatioas m pari;iitheses refer to‘' Liter ature cited,” p, 6i6-6ig. 

Ri.'seafch, — 

D-tpi, ol .Vgncultuts, Washington , D. C. 
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calcium and magnesium. Some treatments showed as much as 5,,. 
pounds of calcium and 12.98 pounds of magnesium per ton of dry alfalfa. 
Howex’cr, the above amounts were in excess of the absolute requiremetits, 
as smaller applications gave as large yields and the alfalfa contained only 
28 pounds of calcium and 8 pounds of magnesium per ton of dry matter. 
On this basis 6 tons of alfalfa with a high-calcium content would contain 
315 pounds of calcium and 77-S8 pounds of magnesium, or the cquiva^ 
lent of 7S7.5 pounds of calcium carbonate and 272.5 pounds of magnesium 
carbonate. Wheat stra^v, when gro^^l in pure dolomite, contained 14.45 
pounds of calcium and 14.6 pounds of magnesium per ton, whereas when 
cxrowm in the absence of excessive amounts of these two ^gernents the 
straw contained only 5.96 pounds of calcium and 5.4.8 pounds of magne. 
siuni per ton. 

REVIlvW OF THE ElTERATERE 

Solution cultures and pot cultures have contributed largely to our jires- 
ent knowledge of plant nutrition. Woodward (42) found that the solid 
particles of the soil furnished nourishment to the growing plants and that 
water acted only as a carrier. 

\Volf (4) found by using beans and maize in controlled solutions, that 
the concentration as well as the kind of salts in the solution effccied 
plant growth. His results show that when the concentration oi the 
external solution was more than 0.2.S per cent it became the controlling 
factor; whereas if less than 0.25 per cent absorption was controlled hy 
the solution within the roots. 

Dassoriville (i) found that cutinization and lignification of the epidermis 
of leaves occurred much more rapidly in distilled water than in nutrient 
soliiticuis; also that the growth of hemp and buckwheat was not influenced 
by the presence or absence or calcium and magnesium. 

The crop is the measure of the resultant of all factors. In accordance 
with the present knowledge any one or many of the factors can be con- 
trolled. Tikewise, the total amounts of the elements essential for crop 
production can be quantitatively determined. 

Magnesium is essential for the growth of any living cell. Calcimii 
is likewise essential except for the lower fungi and lower alga, wkcli 
alone are able to exist without it. Loew (16, p. 44) shows that neutral 
oxalates are not poisonous to the lower fungi. He attributes the riele- 
tenous effects in higher plants to the change in the structure o( the cm- 
cium-protein compounds, due to the formation of calcium oxalate., \'hi l 
the disturbance is brought about by the change in imbibition caused br 
the formation of potassium -protein compounds, and that magnesiuni 
may bring about this change provided there is a deficiency in cakiuiu* _ 
Reed (29) found calcium to be necessary to the activity and grovt ; u 
chlorophyll-containing organs. Willstatter (40) has pursued in eui 
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the study of chlorophyll and finds it to be a magnesium compound with 
ffetierally three times as much green pigment as yellow pigment. He 
found that the magnesium content of chlorophyll was constant in both 
land and sea plants; therefore, it must function other than as a catalyzer, 
^effer (27, p. 425)1 Macdougall (17, p. 219). Peirce (26, p. loo) and 
others believe magnesium and calcium play an important and necessary 
{unction in plant synthesis and cell formation, but are unable to assign 
anv specific role to either of these elements. 

There has been considerable contention as to whether calcium could 
be replaced by other members of the group. Ilaselhoff (7) grew beans 
and maize in solutions containing varying quantities of calcium and stron- 
tium and concluded that strontium secnicd to take the place of calcium, 
replacing it only when the supply of calcium was inadequate. But if. 
must be remembered that he first used calcium and strontium together 
in the solution and later reduced the calcium. However, Loew (i 6, p. 48) 
was unable to substantiate these results when he used species of Trades- 
cantia. 

Loew explains the toxicity between calcium and magnesium as being 
due to the formation of an insoluble condition of the phosphoric acid 
being fixed by the calcium, and that the framework (15) of the nucleus 
and plastids is a double organic salt of calcium and magnesium. How- 
ever, Meurer (19) and Xathaiisohn (23) offer another explanation: Cells 
bring selective in their absorption of ions can check osmosis before a 
balance is reached between the solution within and without the cell, and 
the absorption of salts does not increase proportionally with the increase 
of concentration of the outside solution, Osterhout (24) using calcium 
nitrate and magnesium* nitrate was unable to substantiate Loew's 
assertion. 

Considerable work lias been done upon the antagonism of respective 
salts for each other in solution. Kearney (i i , p. 20) shows that calcium 
salts are most beneficial in reducing toxicity. Lipman (14) reports 
toxicity between magnesium and sodium but not between magnesium 
and calcium. 

Numerous investigators have sought answers to the proposed theory 
of a lirae-magticsia ratio with just as numerous and coiiHicting results. 
Solutions, pot cultures of soil and sand, and field soils have all been em- 
ployed in attempts to settle the controversy, Ulbricht (34) showed that 
yellow lupines, barley, and vetch were injured by applications of lime, 
especially when it contained high percentages of magnesia. Magnesia 
apparently increased the proportional yield of grain in the case of barley 
lupines. Dojarenko (2), however, concluded that the theory of a 
definite calcium-magnesium ratio was not tenable, as many Russian soils 
LOnlaining great excesses of calcium over magnesium ^vcrc benefited bv 
inning. 
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"the results of water and soil cultures by Gossel (6) failed to snbsta,. 
tiate the theory of a definite ratio of calcium to magnes.um He obtained 
the hiehest yields for beans and barley with water cultures when ile 
^tio of lime to magnesia was 0.04 to 1 , and conchrded that the effect of 
iTming is dependent upon the character of the soil and not upon a definite 
Lio of lime to magnesia. About this same tune the Japanese inve, 
mators (m) were actively engaged with the problem. However, their 
results all seem to bear out the theory of a definite ratio^ 

Konovalov (12), a Russian investigator, reports studies with barley, 
millet oats, and maize, varying the ratio of calcium oxid to magnesium 
oxid, is follows-. 1,5.4 t" A 0-7 “ 3-3 ‘o H 0.8 to i, and q,4 to i. He 

fo-nid that the viclds tended to increase with the increase of lime appli. 
cation provided the. magnesia content remained constant. Xotuith. 
standi'rm these results, Voelcker (35, 36. 37) states that the ratio is best 


^ never (20 ii) found that with buckwheat and oats the dependence 
of’maximum yields or. a definite ratio of calcium to magnesium could 
not be proved even in the case of soils containing;,more calcium than 
ma<^ncsium or vice versa. Undoubtedly the most extensive .nvestiga. 
tions regarding a definite calcium-magnesium ratio have been con- 
ducted bv Lemrnerman (13) ct al. They used six drgerent sods and 
.nrew vetch, oats, barlev, rye, wheat, clover, mustard, and buckivhcal, 
with the investigations extending over three years, 1907 to 1909, indn- 
sive From the standpoint of yields the ratio had no effects ivitbn 
wide limits. Stewart (33) reports soils having 16.88 per cent ol calaum 
oxid and 6.1 per cent of magnesium oxid which were cropped lor 40 
years without the addition of fertilizers, except in the case or sugar 
beets, which received manure. The 8-year average yields are 80 biislicfi 
for oats, 50.4 bushels for wheat, 262.3 bushels for potatoes, and 21.S 

tons for sugar beets. ■ . , . . j i. 1 

Wartiadi (38) used sand and water cultures with wheat and barlci and 
found that calcium and magnesium were beneficial or detnmenta la 
pronortion to their relative amounts in the culture solution. Russe 
I). 144) finds no connection between the lime-magnesia ratio an. 
the’ productivity of the soil. Haselhoflf (8) also failed to substantiate 
Loew's theory, while Hopkins (9, PP- 170-171) ^^^nd magnesium car- 
bonate beneficial up to 0.8 per cent when added alone and in contiecUo 
with calcium sulphate in such amounts as to maintain a ratio 0 4 
7, respectively, of magnesium oxid and calcium oxid. ^ 

Gile (3) reports that with the chlorids of calcium and magnesium 
low concentrations the ratio exerted no influence, while at hig cw 
centrations it was effective. Good yields of pineapples (4) 
duced from soils in Porto Rico when the ratio varied between i 0 ^ 
and 73 to I ; and in one field where the ratio of calcium oxid to 
oxid was 1.461 to i a yield of 60 tons of sugar cane w^as realize • 
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pisciotta (28), an Italian investigator, reports the analysis of 60 soils 
which show a wide variation in the lime-magnesia ratio, due to the 
variation in the lime content. Patterson (25) found that magnesian 
lime, which is claimed to be poisonous, gave the highest yields. 

In summing up the literature studies previously mentioned, it will be 
seen that Poew and his associates and Japanese students maintain the 
theory of a definite lime-magnesia ratio, as do Ulbricht and Wartiadi, 
whereas Dojarenko, Gossel, Konovalov, Meyer, Lemmerman, Haselhoff, 
Gile, and Patterson claim that a definite ration of lime to magnesia is 
not tenable and, furthermore, lacks substantiation. 

beminerman et al. have undoubtedly conducted the most extensive 
investigations upon this subject and conclude that there is no correla- 
tion betw’een maximum crop productions and the ratio of lime to magne- 
sia. Soils reported by Russell and by Gile show wide variations in the 
lime-magnesia ratio, also in the percentages of these two elements, and 
that there fails to be any correlation between the productivity of a soil 
and its ratio of lime to magnesia. 

Solution cultures show that a specific ratio of lime to magnesia is not 
equally effective irf dilute solutions and in concentrated solutions. This 
indicates that the elTectivcncss is dependent upon the total balance of all 
the salts in solution instead of merely the ratio of calcium to magnesium. 

The preponderance of evidence appears to be against a definite ratio 
of lime to magnesia, especially wfith respect to soil cultures in pots and 
under field conditions. What really seems of first magnitude is the 
resultant of all factors — that is, the climate, the plant, and structure, 
reaction, micro-organic activity, and composition of the soil. 

EXPERDIEXTAL WORK 

These experiments were planned with the idea of studying the effects 
of calcium and magnesium upon plant growth when applied in diffeient 
natural and in artificially prepared forms. Studies were made to deter- 
mine the amount of calcium and magnesium which the plants could 
tolerate. The relation between the ratios of these two elements in the 
plants, in the soils, and in the materials applied was also studied. 

Dolomite, limestone, magnesite, calcareous soils, and brown silt loam 
were used as sources of the natural forms, while prepared materials, such 
as the carbonates, chlorids, and sulphates, sen'ed as sources of the arti- 
ficial forms. Increasing amounts of the various forms were used, also a 
variance in the ratio of calcium to magnesium was employed. The 
earlier applications varied from o.i to 0.6 percent of magnesium added 
m magnesium carbonate and in magnesite. Later the following amounts 
were employed; 2, 6, and 10 per cent of magnesium in magnesite; 10 
and 12.7 per cent of magnesium in dolomite; o.i, o.oi, and o.oai per 
f^ent of magnesium in the carbonates, chlorids, and sulphates. In each 
senes sand or soil was used as a coiUrol 
427 i 9'^-16 2 
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DESCRIPTION OF PROCEDURE AND METHODS 

Earthen pots 6.5 inches in diameter by 7.5 inches in depth ^vere 
Each pot contained 13.2 pounds of sand, while in the soil series each 
contained 8.K pounds of brown silt loam. Sand and soil were used a' 
mediums of control, and to these two materials were added the varioy-. 
forms and amounts of calcium and magnesium. 

Various methods were pursued in extracting the sand. At ftrjj 
dilute hydrochloric acid (HCl) was kept in contact with the sand for 
hours, but this failed to remove all the calcium and magnesium, 
the sand was extracted with stronger acid {1,350 c. c. of concentrated 
hydrochloric acid plus 1,000 c. c. of distilled water) for periods of froin^ 
to 14 days. Sand was also digested on a steam bath for 4 days with thh 
same strength acid. None of the above processes were able to remove 
all the calcium and magnesium from the sand, as will be seen from the 
analysis reported. 

At inten'als varying from 10 days to 2 weeks plant food was added 
from the following solutions : 

(1) Potassium sulphate, 50 gm. to 2 ^ liters of water; (2) ammoniu:]] 
nitrate, 80 gm. to liters of water; (3) disodium phosphate, 26.1 
to 2/2 liters of water; (4) ferric chlorid, 0.4 gm. to i liter of water. 

The calcium and niagucsium were applied in forms prevdousK- men- 
tioned. The moisture content of the sand was at first 12 per cent but 
it was later raised to 14 per cent, while for the brown silt loam it was 
per cent. Every lo days the pots were brought to standard weigbi by 
adding distilled water. 

All crops were grown in the agronomy greenhouses at the Universilv 
of Illinois, The principal crops used in tliese studies were wheat {Trili- 
cum spp.), alfalfa {Maikuip saiiva), soybeans (.Soya wax), and cowpeas 
(1 lona sinensis). Oats (Avtaia sativa), clover {Trifoliiim praiensv), linio 
thy (Phlcum prafensr), and sweet clover {Mvlilotus alba) were also used 
to test the effect of artificial carbonates upon germination. 

In the wheat and soybean series, 10 seeds per pot were jilanted and 
7 plants jiermitted to grow, ^vhile for alfalfa 15 plants were permitted 
to grow \vlienever possible. 

In niakiiig deternnnauons for calcium and ma.gne.sinm, the soils 
were first fused with sodium peroxid and from this point the usual 
method was empioved. The calcium oxalate was dissolved in dilute 
sulphuric acid (HjSO^) and the calcium calculated from the amount of 
A;zo potassium permanganate required to oxidi/.e the oxalic acid thus 
fonned. The magnesium ivas precipitated as magiiesinm-animoniuu'. 
phosphate and burned to the pyrophosphate. In analyzing the plants 2 
gm. of finely ground material were ashed, taken up in hydrr.chlonc acid, 
and the calcium and magnesium determined as above, stated. Acid 
extractions of the dolomites and limestones proved as good as fusions 
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XaBIB ^ —Composition of maieriah supplyinij calcium and magnesium to the soil 


Material. 

Calcmm 

curbonitif. 

Maimesiuin. j 

raibotLitP. ! 

1 

1 

Calcmm. 

1 

Magnesium. , 

Molecular 
ratio oi 

inugutbium. 


Per (cnt. 

43 - 65 

Per ceni, ' 

3 S- 26 

44.9 

9»-37 

5. 85 

Per rent. 

Per (cni. 

v4.8 

Dolomite 



5 'v 2 

Dolomite Cj 



1 


Magnesite C4 

I 84. 2 



Limestone ^ 


C- 305 

O’ 

3 6 

thrown , 


s- 58 


Vi. 8 

S'iiifi c.'ctractcd with dilute 
"‘livdrochlorie acid for 48 



. 0142 

. 016 


hours — ■ • 

Sand extracted with con- 
" centrated hydrochloric 

acid for four days on 

_ KnOi 

1 


. 0128 

. 0080 i 


Sand not extracted 

.017 

. C148 ‘ 



^ From Cohimhia, 1!!. 


The brown silt loam used in series C and D was taken from the surface 
of sod land and had only the coarser roots removed. The calcareous 
sail was taken from a layer varying from 8 to 12 inches in thickness and 
72 inches below the surface in the forestry near plot 719 of the north 
farm of the university. The coarser pebbles were removed before using. 
The analysis in Table I refers to the portion used in growing crops; the 
coarser pebbles show a higher content of calcium and magnesium, or 
I V’,4 per cent of calcium and 5.97 per cent of magnesium. 

The 6,000 gin. of sand, after being extracted with hydrocnloric acid, 
contained for each pot from 768 to 852 mgm. of calcium and from 540 
to 960 mgni. of magnesium. From the following tables it will be seen 
that the plants had the po^ver to obtain considerable quantities of the 
apparenth' insoluble calcium and magnesium silicate, as they obtained 
quantities in excess of the amount added in the seeds, aUhough they 
show lower contents than plants grown in an excess of these materials. 
The chemically pure magnesium carbonate gave an immediate alkaline 
reaction to phenolphthalein upon the addition of distilled water. Dolo- 
mites Ci and C3 likewise showed an alkaline reaction to this indicator, 
but only after liaving been in distilled water over night. Magnesite 
after standing in distilled Vvatcr from S to jc hours was alkaline to 
phenolphthalein, as was also the calcareous soil. 

In experimenting with artiiiciallv prejiarcd magnesium carbonate, a 
great deal of care was taken to obtain the alkali-free substance to begin 
'uth. This can be prejxired bv a ]nccipitat;on from solution with ammo- 
nium carbonate. Magnesium carbonate in tl;e presence of v.aicr has a 
great tendency to hydrolyze, which may at least pariially explain its 
porsonous effect. 
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BFFHCT OF MAGNESIUM A\D CALCIUM IN PREPARED CARBONATES Axd 

IN DOLOMITE UPON WHEAT AND AI.PALFA GROWN IN SANT) (SERIES ^ 

AND B) 

Tbe sand used in series A and B was extracted as previously described 
washed free from acid, and the application made on the moisture -free 
basis. Pols i and 2 of series A and pots 2 1 and 22 of series B received 
no calcium or magnesium. Pots 3 and 4 of series A and pots 23 and ^ 
of series B received 2 per cent of dolomite Ci or 0.2 per cent of the element 
magnesium. Pots 9 to 20, inclusive, of series A and pots 29 to 40, inclusive 
of series R received magnesium and calcium in prepared carbonate in 
amounts varying from 0,1 per cent to 0.6 per cent of magnesium, phg 
magnesium carbonate was alkaline and of the following formuln- 
Mg(0H),.4NrgC03. 

'table II contains the yields for the above treatments. When added 
to sand, tire lowest applications of magnesium in the prepared carbomue 
very materially retarded germination and inhibited growth; vvhe'-eai 
amounts of 0.6 per cent of magnesium in dolomite caused no injury and 
even henefned growth. 

'the ratio of calcium to magnesium throughout this and all succeediro 
tables is reported as molecular calcium to molecular magnesium witli 
calcium always expressed as 5. The yields and percentages in ail the 
tables are reported on the rvater-frec basis. The wheat, series A, v,'a> 
harvested 83 days after being planted, while the alfalfa, series E, was 
harvested $4 days alter being planted. 


Taolu II. — : :ciJs of i^ho.zt and alfalfa {in gmww per pot on a water-free basis) in sand- 
series A and B 



Mnicculai 
r.!l i(.i (jS 

Wheat, series A. 

Alfalfa, series R. 


cak'ium 
to niac- 
r.csiuiti. 

Pot No. 

Tops. 

Roots. 

Pot No- 

Tops. 

Uoos. 

None 







None 1 


Ss 

7.07 
23,0 I 
24 0 ! 
T7.8 I 
20.7 I 



S' *• 


Percentage of magnesium in dolo- 
mite Ci: 

0. 2 

5:4.8 


23. 2 

5-4 


3. 12 



A '' 

24 i 

0. 2 4 

i k Q , 


.4 


s , 

5 I 

1 iS. 8 ' 

j /•^4 



S '4 8 

1 15. ® 

*5 

1 S- *)( 


.6 



12,9 


: 


.6 


7 j 

r i'l 





, 

0.3 

I 




The pots receiving magnesium and calcium in the prepared carbonate? 
in a ratio of calcium to magnesium, as 5 to 4, inhibited germination ami 
permitted no growth. 
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Table HI shows the analysis of the plants reported in Table II. The 
results here reported are the average of four determinations from dupli- 
cate pots. 

From Table III it can be seen that the alfalfa is a heavier feeder on 
calcium and niagncsium than is wheat, and that the percentages and the 
total amounts removed by the plants tend to increase with the increase 
in application, except where the calcium and magnesium arc. ap]Dlicd in 
the artificially prepared carbonates, in which case the lowest application 
is sufficient to inhibit growth and retard germination. 

Throughout all the scries the general tendency was for the calcium 
and magnesium content of the plants to increase with the increase in 
application. Wheeler (39) found that when magnesium was applied in 
the form of the sulphate the crop showed the ratio of magnesium ox id to 
calcium oxid to be as i to 1. 13, but when magnesium was not present in 
the fertilizer the ratio of magnesium oxid to calcium oxid was i to 2.7. 

TabcE III - — Analyses of aheai and alfalfa — series A and H 
WHEAT STK.AAV 



Substance added. 

1 

1 

CcmposiliMi of plants. 


Pot No. 

Cldum. 

Magne- 

sium. 

Cal dull! . 

; Ma^nicsiuiii. ^ 

Molecular 
ratio of 
calcium to 
magne- 

: and 2^ 

Per cent. . 
0. 0142 

Per cent. 

; 0. 0165 

37-0 

0. 187 

1 ] Per cfvi. 1 

21. 4 i C. 108 

5:5-1 

3 1 

■333 

. 2 

68. 5 , 

. 2q 8 i 

62. 6 i . 271 1 

5:7-6 

j and 8 ' 

- m 

. 6 

60. I 

.386 1 

1 66. 6 • .421 

1 I 

5:9- I 


WHEAT ROOTS 


1 and 2 

. 0142 

.0165 

43. 4 I , 1S7 

24. 8 

.09 

5:4- I 


. 3.33 

. 2 

85-3 - 4.32 

. 5 . 3 - 3 i 

. 292 

5 :.v 4 

7 and 8 

•999 

i .6 

1 

51. 8 . 96 

47-9 

■50 

5 : 4-35 


AEFAI.FA HAY 


21 and 22 a 

, 0142 

, 0165 

14, 4 

-347 

6.84 j 

. 164 

5:3-9 

23 and 24 

■333 

. 2 

iSi. 0 

2, 565 

30, 6 i 

•431 

5::- 4 

27 and 28 

■999 

. 6 

196. 5 

2. 622 

48, 6 I 

• 64^ 

5:2 


ALEALEA KOOTS 


27 and 22 

. 0142 

■ 0165 

8. S2 

.19 1 

6. 26 

• 14 

5 : 6. I 

23 4 nd 24 

•333 

. 2 

4 $, 8 

.46 1 

50, 0 

• 47 ^ ■ 

5:8- 5 

27 and 28 

■999 

.6 

I 5+ 4 

. 56.1 

“8. 9 

• 875 

5:1^ 


* Tots I, 2 , S3, and ss were extracted sand and received no raleiiim and nuigni'siiiin. 



598 


Journal of Agricultural Research voi. vi, k„ „ 


ffpects of calcium and magnrsium in prepared carhonates aso 
‘ IN dolomite upon wheat and alfalfa in drown silt loam (serik 
c AND d) 

Magnesium and calcium in prepared carbonates were less hannlul in 
brown silt loam than in sand (series C and D). In fact, applications o; 
O I per cent of magnesium or o..'i5 per cent of magnesium carbonate 
gave an increase over the check, and 0.7 per cent of the carbonate was 
nracdcally as good. It must be remembered that the sod before treat- 
ment contained o. ,05 per cent of calcium and 0.352 per cent of magnesium 
The calcium and magnesium were added in the relation of 5 to 4, but the 
amounts in the soil changed this ratio to 5 to 7.1. Applications of 3.5 
tons of prepared magnesium carbonate per acre were beneficial, 7 tons 
were about equal to the check, while upward of 10 tons caused practically 
no growth of the plants. 

TAorE [V -Yields of wheat and alfalfa {in grams per pot on a water-free basis) in broun 
■ silt loam -senes (. and D 


TrealmonL 


Brown silt loam only 

Do ; 

Percentage of magnesium m mag- 
nesium carbonate plus calcium car- 
bonate ; 




.4. 


.6 

Percentage of magnesium in dolomite 

Ci: 



4 

.6 



4 

Macintire (i8), while working with three different kinds of soils, founJ 
that 8 tons per acre of precipitated magnesium carbonate were decider } 
toxic to wheat. He also found that both the oxids and the carbonates o. 
precipitated magnesium were many times more soluble than the cor 
responding forms of calcium, while in the case of the native miners. 


cdlcuim 
to man- 
iiesiuni. 

Pot i 
No, j 

Tops. 

Roots. 

No^ Toils. Rrxiis. 

5:9. 6 

41 

8.9 

6.8 

65 4. 64 6. 86 

5 ;g. 6 

42 

.3 

7-9 

66 4. 28 6. 53 

i 5:7-1 

43 

II. 6 

7. 16 

67 5.96 6.95 

1 5:7-^ 

44 

II. 0 

7.0 

68 ; 5. .155 5 

/ 5:7-1 

45 

8.1 

5 - 55 

69 ; 2. 58 2. 4q 


46 

8. I 

6. 07 

70 . 3.03 S.85 

/ 5:7-1 

47 

1-45 

I. 81 

7 X -09 

15:7-1 

48 

4. 08 

3 - x 7 

72 ; 2. 58 i.6(j 

/ 5:7- i 

49 

-9 

.72 

73 1 

1 5:7-1 

50 

. 18 

. 18 

74 1 

/ 5:7-^ 

5 x 

1.85 

2-35 

75 ' 

1 5:7- I 

52 

■09 

.09 

76 i 

/ 5:7-1 

53 

.09 

.09 

77 ^ i 

1 5:7.x 

54 

1 

.09 


78 ! 

/ 5:4.8 

55 

9 - 52 

5-45 

79 IS-X 7 

1 5:4-8 

56 

10. s 

6, 07 

So 5.0 5.^ 

i 5:4.8 

57 

9. 61 

8. 15 

81 ' S -33 

1 ^ 4-8 

58 

9 - 07 

7-25 

82 i S- 08 5. 88 

I 5:4-8 

59 

10, 0 

8.8 

83; 4- 37 3-74 

1 5:4-8 

60 

9 - 52 

1 8.15 

84; 5-43 

{ 5:4-8 

61 

8 . 9 

! 4 - 53 

85 :S-« 4-72 

■il ^ 4-8 

62 

5.7X 

i 4.62 

86 i 5. 60 4 - 04 

■/ 5:4.8 

63 

6. 07 

i 4. 53 


'll 5:4.8 

64 

i 7-52 

1 4-53 

88 5 - 52 1 3 - j? 
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arbonates limestone was i .62 times as soluble as dolomite and more than 
. limes as soluble as magnesite. 

Applications of dolomite Ci up to 40 per cent caused no injury to 
either wheat or alfalfa. 

Table IV shows the treatments and yields of series C and D. Analyses 
of these plants are reported in Table V. Series C (wheat) was harvested 
83 days after planting and series D (alfalfa) was harv^ested 84 days after 
planting. 

From Table V it can be seen that wheat grown in soil (pots 41 and 42) 
shows 0.279 per cent of calcium and 0.256 per cent of magnesium, but 
when grown in extracted sand (Table III, pots r and 2) it had only 0.1S7 
per cent of calcium and 0.108 per cent of magnesium, showing that there 
is a decided tolerance for these two elements. By comparing the wheat 
with the alfalfa it can be seen that, while alfalfa is a heavier feeder than 
wheat on calcium and magnesium, the proportional amounts of calcium 
are greater in alfalfa than in wdieat. 

Table V . — Analysis of wheat and alfalfa yrown in brown silt loam-series C a'nd D 
WHEAT STRAW 


iSiilistiitice added. I Composition of plants. 


?ot No, 








Calnnm. 

Dcsium. 

Calcmm. 

M£i);uesium. 

raiio of 








nesium. 


Per cent. 

Per eenl. 

Mvm. 

Per eent. 

Mvm. 

Per cent. 


41 and 42 

0-305 

0.352 

27, I 

0. 297 

2 . 5 - 31 

0. 256 

5: 7*2 

4 t and 44 

*527 

• 458 

33.6 

■ 297 

52 . 7 

.467 


47 and 48 

•971 

. 671 

9. 76 

■352 

32.8 

1. 19 

5:28. 1 

55 ^^1 56 

•315 

. 2 

3 S -4 

■353 

33-8 

•337 

5: 7 9 

63 and 64 

6.30 

4. 0 

29. 2 

• 43 

31.0 

.45b 

5 8.8 

■WmEAT ROOTS 

4c and 42 

■ 305 

'.552 

21.9 

. 298 

19. 6 

. 266 

5 '‘ 7 - 5 

45 and 44 

• 527 

.45S 

29. s 

.419 

25- I 

. 352 

5; 7 

47 and 48 

.971 

. 671 

9 - 7 

•352 

15-5 

.626 

5:14. 1 

SS 56 

■315 

. 2 

34-0 

• 5.5 

22. 8 

•397 

5- 6 

(13 and 64 

63 

4- 0 

50. 0 

I. 102 

34. 1 

•752 

5: 5-7 


ALFALFA HAY 


65 and 66 

67 and 68 

~,i and 72 

79 and 8a 

87 and 88 

•305 

•527 

.971 

• 3^5 
6. 30 

.35= 

• 458 

. 671 
. 2 

4. 0 

-8. 4 

II. 4 

85. 5 
98. 5 

I. 595 
1.56 
.86 

I. 684 
1.84 

i/- 7 

33 - 3 

12. 82 
25.0 
27. s 

•39S 

.624 
. 96 

■ 492 
• 521 

5 

5 

5 

5 

2. 2 

3.8 
9-3 
2. 4 
2-3 



.U.FAI.F.\ ROOT 

s 





fisaiid66 ! 

■ 305 

■352 

21. 46 

.326 

34 . 0 

.462 

5: 

II. 8 

67 and 68. 

•527 

.458 

21. 2 

■ 3 U 

37 - 5 

• 558 

5; 

14. 7 

71 and 72 

■ 971 

. 671 

10. 64 

. 62S 

17. 2 

I. 00 

5: 

45 - 3 

79 and 80.... 

87 and 88.... 

• 315 

. 2 

2^. 0 

■ 449 : 

. 30- 0 

• 54 

■ 5 

5: 

to 

6. 30 

4.0 

96. 0 

2. 2 

. 59.2 

I. 358 

5. i 
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EFFECT OF MAGNESIUM AND CALCIUM IN DOLOMITE, MAGNESITE, av,'d 
PREPARED carbonates UPON WHEAT AND ALFALFA IN SAND (SERIES 
E AND F) 

Table XI shows the yields of wheat and alfalfa when grown in sand 
and treated with increasing amounts of magnesium in magnesite. Tlie 
applications vary between o.i per cent of magnesium and 0.6 per cent 
of magnesium or 0.35 2.1 per cent of megnesite. Chemically pure 

calcium carbonate was added to make a ratio of calcium to magnesium 
equal to 3 to 4. The wheat and alfalfa in these two series were grown 
to maturity, the seeds being ground up with the straw and an analysis 
of the composite made. 

There was but little seed upon the alfalfa, owing to the fact that it 
was grown under screens and the fertilization was poor. However, the 
treatments seemed to cause no injury except where magnesium was 
applied in the form of the prepared carbonates in pots 104 and 120. 

TAiirn Xl.— Yields of nkcal and alfalfa (in grams per pnt on a u-aterfree basis) in m§- 
nesile — series E and F 


Treatment, 

Mclfnilur 
ratio of 
calcium 
to mafi- 

WTieat, series E. 

AlfaL'a, series F. 

Pot 

No. 

Tops. 

Pot 

No. 

First 

crop. 

tops. 

Second 

crop, 

tops. 

Roots. 



89 

7 ’ 25 

105 

6.86 

5-2 

5 .;s 

Perccntasie of magnesium in 









magnesite plus calcium car- 









Lon ate ; 










f 5 

4 

90 

6- 53 

loS 

6. 00 

5-36 

r 15 


\ s 

4 

91 

7. 16 

107 

33 

v8 

5.46 


1 5 

4 

92 

5 - 9S 

108 

6. 77 

6. 16 

7.48 


\ ^ 

4 

93 

9. 88 

109 

6.25 

4 - 94 



I ? 

4 

94 

10. 96 

no 

5. 72 

5. 2 

3 - 9 ^ 


1 5 

4 

95 

6. 8 

ni 

5-9 

5- 1 

4 -.t 2 

• 4 ! 

f 5 

4 

96 

7.07 

112 

5 - 64 

4. 48 

4.4S 


1 5 

4 

97 

7.8 


6. 77 

5. 02 

I, 

- 


4 

98 

9 - 15 

T14 

6. 07 

4.31 

1.40 


1 5 

4 

99 

7.8 

IU 5 

7. 92 

4-4 

2. 3S 

.() 

f 5 

4 

100 

ji. 4 

n6 

7. 48 

S -2 

' 5-w 


1 5 

4 

lOI 

6.25 

117 

;*32 

5 - 55 ; 

3. 52 

Percentage of inagnosiuni in ■ 









dolomite C3: 









0.6 

1 5 

: 2 

102 

9. 42 

118 

6.34 

. 5-9 

! 4 -C 3 


1 S 

: 5'2 

103 

10. 86 

119 

5-72 

4, 66 

2.64 

Percentage of magnesium in 



104 






magnesium carbonate 


■4 




^ 


Table VII shows that the higher treatments have higher contents of 
calcium and magnesium in the plants. The wheat grown in sand (.pot 
89) shows only 3.3 pounds of calcium and 2.G pounds of magnesuim 
per ton, as against the pots treated with larger quantities of magnesite 
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/joo and loi), which show 5.52 pounds ofValcium and io.88 pounds 

of magnesium. 

Gile and Ageton (5, p. 44) show that many plants such as soybeans, 
jo<rar cane, and sunflower have higher lime contents when grown uj)on 
calcareous soils and that the increase in lime content tends to decrease 
the amount of magnesia, iron, and potash. 

Table VH.— dwob'JfV ofu'kcat and atjaija grav.'n in magneiiie—series iC and F 


WTIKAT STR.nv 



Substanceadded, | 

Ct of plant?. 


Pfjt No. 

Calcium. 

Slum. 

Ca!ch:m. 

.Maj'.ncjivim. 

raUo (.if 
calciiini to 

i 

1 

Per cent. 
0. 014 

Per cat!. 

0- 016 1 

Pa.-nti 

12. 0 0. 165 i 

Morn. Percett!. 
9. 36 I 0. 130 

,3: 6.5 

9oand 9E j 

. 222 

. 100 ! 

10, . 1 C4 ; 

16. 55 1 . 241 

5 ;L 3 

:oo«nd loi ; 


. 6 c 

24. y . 2;6 ' 

48. 1 : . 544 

5 ; 1 6. 4 

102 and T03 : 

.967 

' . 60 

2A- T . 237 

32.3 ' .317 

5:11. I 


ALFAI.FA HAY 


205 

. 014 

. 016 

S7. 4 


41. 0 

■ 598 

5 

9 < 3 

io6 r.iid 107 

, 222 

. 100 

106. s 

I. 49 

45. 1 



3-8 

1 16 and 1 17 

I '332 

.6c 

qS. 5 

345 

56. 0 

. 69 


4. 2 

iiS and irg 

.967 

. 6c 

93 - 3 

- 55 

39.3 

•653 

5 3-5 



ALFALFA KOOT 





10^ 

. 014 

. Oi6 

2' 

■ 672 

14. 52 

. 38.(1 


4.8 

106 and 107 

. 222 

. 10 

■'•7 

■ ^9 1 

43-8 ! 

• 94 1 


6 

!]6and 117 

J- 3.13 

. 60 

6t. 0 

1.48 : 

61. I i 

1. iti ' 


8 

nSand 119 

.967 

. 60 

65. 2 

^•73 1 

o 5-8 

■ 93 ■ 5 

4. 6 


effect of magnesium and calcium in CALCAEEOT’S soil, M.\GNE5ITE, 
DOLOMITE, AND PREPARED CARBONATES UPON WHEAT AND ALFALFA 
(SERIES G AND H) 

^ It can be seen from Table VIII that the ratios of calcium to niagne- 
sium vary from one of 5 to 3.8 to one of 5 to 125 and that In both cases 
conMderablc growth occurred. However, in pots 135, 13C, 161, and 162, 
ic'ceiving 33 per cent of magnesite and 100 gm. of calcium carbonate, 
die plants showed a yellow color and some sickness; still, in the case 
cf alfalfa the plants M^cre able to set some seed. The yields in pots 123, 
■H) 149, and 150, which received calcareous soil only, were somewhat 
thsn vdicre sand was mixed with the soil, owing to the soil being 
'-tadedly plastic and possessing a less desirable physical condition. 
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Plate I XXXIV shows t^e difierence between some of the treatmenis 
in series G. " Observe the small growth of the wheat in the pot receiving 
6 ner cent of magnesium in magnesite. This is due to the physical con- 
dition caused by applying the magnesite in a finely ground fonn, „hich 
caused a setting that resembled cement, whereas in the pot with 10 per 
cent of magnesium almost trvice as much magnesite was applied, but 
in a coamer form. Tor the ratios in these pots see Table \ III. 

Plate LXXXIV shows alfalffc growing under similar treatments. 

T.mr VIII -Y,eids ofu^kat and alfalfa (u. tiromr far pot on wakrfroo k,n.<)in ,oil. 
TabIt - • dolomiie, and magrunte-^senes G and H 


[Molettilar 
ratio of 

cakium 

to mag- 
nesium. 


Percentage of magne- 
sium in calcareous 
soil; 


2.64. . . 
1.328, 
o. 672 . 


O. 344 

percentage of magne- 
sium in magnesite 
plus calcium car- 
bonate: 


6.0. . 




Percentage _of magne- 
sium in dolomite 
Ci: 


12.7.. 


5:3-8 

5:3-8 

5:3-8 

5:3-8 

5:3-8 

5:3-8 

5:3-9 

5:3-9 


5:4 

5:4 

5:7s 

5:75 


5 : 5 - 


Wheat, scries G, 

Atlalfa, series H. 

Pot 

No. 

Tops. 

Roots, 

First 

crop. 

Second 

Third 
crop. J 

121 

IS - 4 

6 . 53 

3-6 

9-59 

5-65 


1 08 





123 

21. 93 

7 - IS 

7. 22 

7 - 47 

12.6 

124 

21. 0 

14.7 

7. 04 

7. 22 

10.02 

125 

26. Q 

16. 2 

9. 41 

II. 7 

13.0 

126 

27-3 

10. 4 

9-59 

12.33 

10. 9 

127 

24 - 5 

ig. 4 

10. II 

13- 72 

12-3 

128 

28. 62 

9-25 

10. 02 

12.3 

9 - 59 

129 

31-7 

14.4 

10. 28 

9. 68 

10. 71 

130 

32.6 

10.32 

9. 68 

10, 46 

7-83 

I 3 I 

35 - 5 

11. 05 

9 - IS 

8-97 

1 

8.8 

132 

35-8 

10. 05 

10. 9 

9. 86 

8.88 

133 

9-7 

4. 26 

5.28 

8- 45 


134 

30. 8 

I, 18 

S -9 

10. 62 

3-69 

i 13s 

18. 2 

6. 25 

4 - 48 

5. 02 

2. 28 

) 136 

17-4 

6. 16 

1 

10. n 

9-77 

9 - 59 

2 137 

2. 17 

j 

- 5-2 

9-77 

9-77 

2 I 138 

3- 26 

j 



J 



Onc of the most noticeable facts brought out in these series is the great 
sensitiveness of the plants to small quantities of calcium and magnesium, 
also their ability to utilize relatively insoluble forms of these two nia- 
terials. In pots 12 1 and 122, Table IX, and pots 147 o-iid 148, 
the plants were grown in extracted sand receiving no calcium an 
nesium and were able to obtain considerable quantities that had not ef” 
removed by the acid extractions. The alfalfa was even able to nia u 
a few seeds. 
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Table IX .— of v. keal grown in .<;oii doionnu, and magnesite—series u 
WHEAT STRAW 



Substance addc<i. 


Couniosition of plants. 



Pot No. 

Calcium. 

MaiUie- 

siuni. 

Calcium, 

Magneiium, 

Molecular 
ratio 0£ 
etiliniim 
to Illiig- 
tiesium. 


0. 014 

0. 016 

24. 65 

i-^rr ceni. 

0. 165 

.\Um. 
20. 4 

Pur cfnl. 

0. 132 



and i ?4 

5 - 78 

2. 64 

76. I 

•358 

52-9 

.249 


. 5 - 7 

125 and 126 

2. 897 

I. 328 

130. 0 

.48 

78.7 

.29 



1:9 and T30 

♦732 

•344 

136. I 

.483 

97 - 5 

♦ 305 



and 132 

■ 4.44 

2, 0 

8S. 6 

.248 

188. 0 

•527 


17. 7 

and 136 

.666 

10. 0 

66.8 

• 375 

i;o. 0 

•955 

S 

21, 2 

and 138 

20. 47 

12.7 

15-6 

-574 

19.9 

• 73 

S' 

12. 7 


WHEAT ROOTS 



. 014 

. 016 

18. 7 

. 287 8. 14 

• 125 

123 and 124 

5- 78 

2. 64 

85- 7 

• 795 : 35-6 


125 and 126 

2.897 

1.328 

76. 5 

• 584 i 44- 3 

-332 

129 and 130 

-732 

■344 

t>3' 5 

' -313 i 30-7 

.248 

131 and 132 

4. 44 

2. 0 

129,4 

I. 224 163. 9 

I. 6 

ijjand 136 

1 

.666 

10. 0 

22. 25 

■ 358 44- 75 

• 72 


The high percentage of magnesium in the plants grown in pots receiv- 
ing 35 per cent of magnesite is also characteristic of tolerance. Like- 
wise a high magnesium content tends to accompany plant sickness. In 
the case of wheat grown in dolomite, pots 137 and 138, there was a 
higher percentage of calcium than in any other treatment, A ton of 
M-ater-free material contained 11.48 pounds of calcium and 14.6 pounds 
of magnesium, but a ton of dry matter from the treatment with 25 per 
cent of magnesite showed 7.5 pounds of calcium and 19. i pounds of 
tnagnesiura per ton, as against the check in sand which contained 3.3 
pounds of calcium and 2.64 pounds of magnesium. Alfalfa tends to show 
the same thing, except that it is a decidedly heavier feeder upon these 
two elements than is the wheat crop. 

The wheat, Table VIII, was planted on January 26, 1914, and harvested 
on May 27, 1914, making 121 days of growth. The alfalfa was also planted 
on the above date and the first crop harvested on May 27, 1914. The sec- 
ond crop was harvested 127 days later, on October 1 , 1914, and the third 
crop on November 12, 1914, after 42 days of additional growth. 

By comparing pot 147, Table X, for the three crops, it will be seen 
that the second crop of alfalfa contained practically three times as much 
calcium and magnesium per ton as did the first crop, while the time of 
gro'Ath was about the same. The third crop contained about twice as 
niuch calcium and magnesium per ton as did the first crop, and its period 
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of .ro« th ^vas only 4= d^y^- This is due chiefly to the extensive de. 
Xment of roots, making it possible to utr lae more of he sma 1 q,„„. 
tuleLf calcium and magnesium remaimng .n the extracted sand, ,ori„ 
the other pots where these two elements were added such staking differ, 
ences do not occur in the different crops. 

To each pot receiving .5 alfalfa seeds, 0.19 mgm- of calciuin and 0.31 
mmii of magnesium were added in the seed, and for the three oops 
Thr s mgm of calcium and 90.72 mgm. of magnesium were removed. 
This indicates to what extent the plants may attack relatively insol, fe 
compounds. 

Tabi,i: X.-AnalysisofaJfalfagrowninsoil,dohmiie,andmag^mU^^^^^^ 
abf.u.f'a, first crop 


T 

Substance added 

Composition of plants. 

}\jt Nc. 

Cal ci mil. 

Mfifmes*- 

mn. 

Calcium. 

jMtilecuk; 

Magnesium. cf.lditai 

1 toi);?.g- 
ncsiuEi. 

147 and i/;S 

0. 014 
5^8 

5.0 

0 0 
d ci 

.Umr.'. 

IT, 2 

9S. 41 

Pfr fr«(. 

0. 382 

1. 382 

5- 72 
26. 52 

Per cnii. 

0. loS 3: 4 J 
■3h 5' 42 


2. 8g7 

I. 328 

136. 0 

!■ 432 

33- 62 

' ,>.■'/ 5- 2 

.346 5: 2.2 


■ ;v2 

.344 

127. 8 

r. 28 

34-5 

157 and 158 

1 qf) and 160 

lOi r-Tid 162 

tAj 

4 - 44 
. 666 
.666 
20, 47 

2. 0 

6. 0 

10. 0 

12. 7 

9 ^- 3 
j 23.8 

1 76. 7 
34.2 

.922 
. 426 
1.05 
, 66 

74- 5 

52-3 

83.7 

33-8 

- ,44 ci-i 

■936 5:18-3 

1. 14S ;; Q. I 

•633 5:8 








. 



A1.FALF.N 

SECOND 

CROP 




1 . 014 

. oi6 

105. 3 

1 . o<:)6 

63.8 

i - ^<^5 5:3 

i^Q und i 

i 5- 7^ 

2. 64 

117' .3 

; 1-613 

31.S 

' • 434 2 — 

751 and 15:' 

155 and 156 

i;;7 and I'S 

1 %7 

• 732 

1 4, 44 

' 1. 32S 

2. 0 

1 72. 0 

1 r4. 3 
103. 4 

i I. 402 

1 1- 13S 
i 1, 09S 

30. 0 
50. 0 
67. 6 

I .407 
; ’^S 

1 and 160 

1 61 and 162 

; . 666 
.666 
; 20, 47 

6, 0 
; 10, 0 

12. 7 

! 75. 0 

j 102.0 

i 104. 4 

.7^5 

! I- 3ST 

1 1. 068 

76- 5 

73-6 

69. 4 

.003 .V'"2 

I. 00 3:6 

.711 







i 



ALFALF.A, THIRD CROP 



! 

...I .014 

. 016 

48, 0 

.854 

21. 22 

• 378 . 

;;j.D 

I49%nd 1 50 

..--j 5-78 

. . . . ! 2. 897 

2. 64 

I. 328 

110,0 
110.2 ’ 

• 974 

.922 

31. 6 
32.2 

.291 . 

Ko 

- 

I '5 and 152 

7:^7 and is;8 

739 and 160 

16 1 and 162 

163 

-732 

; 4-44 

i .666 

j . 666 

.... 1 20. 47 

1 

■ 344 

2, 0 

6, 0 

10, 0 

12. 7 

78. 75 ' 

85-0 i 

40,8 

51 ' 6 

96.5 ! 

i 

.955 

.962 
. 922 
.87 

• 99 

29. 62 
40. 7 
39 - S 

54- 7 

49. 0 

.461 

• 7S3 : 

1 • 922 i 

• 5«3 i 

5:4 

5:4' 



j, ! • .- •9‘6 Influence of Calcium and M agnesium on Pla nt Grmiih 605 

Ft'FECT 0? MAGNESITE AND DOI^OMITE UPGX WHEAT AND SOYHEANS 
(series I AND j) 

Scries I bad wheat grown in the pots and Uieii turned under, and wheat 
was then replanted in the same pots; while series J had cowpeas grown 
and turned under and then soybeans planted, except in pots 182 and 183, 
from which the cowpeas were removed before the soybeans were planted. 
The cowpea hay grown in pots 182 and 183 contained 0.4 per cent of 
calcium and 0.179 per cent of magnesium, in a ratio of 5 to 5.7, and 
removed from each pot 32 mgm. of calcium and 14.32 mgm. of magnesi- 
um. In 10 seeds planted there was 0.58 mgm. of calcium and 1.59 mgm. 
of magnesium. The above pots contained extracted sand. 

picture I of Plate LXXXV shows the effect of succeeding crops when 
(rrown upon extracted sand. The pot at the left marked '‘sand only” 
has had no other crop preceding it, while in the middle pot cowpeas 
were grown and removed, taking out some of the most readily available 
calcium and magnesium. From the pot at the right three crops of alfalfa 
were removed, taking out 164.5 mgm. of calcium and 90.72 mgm. of 
magiiesiura. 

Dolomite has no detrimental effect upon the crops used throughout 
these experiments. However, the addition of larger quantities of mag- 
nesite — for example, 35 per cent — caused considerable yellowing of the 
leaves, and the plants were able to mature but few seeds. Plate 
LXXXV, figure 2, shotvs that the plants growing in dolomite have quite 
a number of bean pods, while in the magnesite pot none are visible and 
the uppermost leaves are sickly. This yellowing of the uppermost leaves 
while the lower ones remain green differs from true translocation and 
accompanies high magnesium applications. The yellow leaves nave a 
higher magnesium content than do the healthy ones, as sicklv leaves 
from the plants taken from pot 185 show 0,955 per cent of calcium and 
i.n per cent of magnesium, while the healthy leaves from the same 
plants showed 0.896 per cent of calcium and o.SS per cent of magnesium, 
respectively. 

Schulze and Oodet (31) found more calcium in the husk and more 
magnesium in the seed of lupine, pine, pumpkin, castor bean, suiiilower, 
and various nuts. 

Plate LXXXVI, figure i, shows the comparative growths of soybeans 
in brown silt loam and dolomite. Evidently the brown silt loam would 
have been improved by applications of some limestone or dolomite. 

The differences of yields of duplicates in Table XI arc due chiefly to the 
differences in the duration of gro\vth. In the wheat, series I, pots 173, 
177* and 179 were han^ested 65 days after planting, while their 
duplicates were harv'ested 12 days earlier, In the soybean, series J. pots 
184, 1S6, and 188 were harvested 53 days after planting, while their 
duplicates were permitted to mature, standing until So davs after 
planting. 
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Table XI, 


— Yii'Uh oi u'kcat and soybeans {in grams per pot on the ivaier-frce 5o,t,Vi 
dolomite, magnesite, and sandseries I and J 


in 


'Ttcatmem. 

.Molcciilur 
ratio t)i 
calcium 
to mag- 
Dt'bium. 

Wheat, series L ] 

Soybeans, scr 

Rivt; 

Pot No. 

Tops, 

Roots. 

Pot No. 

Tops. 


/ 

173 

0,9 

0 . 4 

181 

I.O 

C.5 



174 



182 



Pf reentas^c of magnesium in mag- 


* ^ 





nesitc plus calcium carbonate : 

/ 5:4 

175 

4.8 

2.9 

183 

5-6 



1 5:4 

176 

I. 6 

1. 1 

184 

4-7 

■9 


1 5:^25 

177 

5-3 

1-7 

185 

4.0 



1 5:125 

178 

1.8 

I. 0 

1 86 

3. 2 

; ,R 

Percentage of magnesiuni in dolo- 








mite C3 : 


Y 9 

5-3 

3-2 

T87 

6.3 



1 5:5-2 

180 

1.9 

• 9 

1 88 

3-4 

u 


Table XII shows the analyses of wheat grown in series I. 


Table XII.— .iHahT.'' of strax^ of nheat gnmn in dolomite, magnesite, and sanl- 
series f 


Substance addfd. CompositHm of plants. 


Pot No. 


Molcaur 
ratio (li 

Magnesitnii. fali-iuni 




Per cent. 

a. 014 

Per cent. ; 
0. 016 : 

* ^32 

0. 44 

0. 3 8 

Per cent. 

0. 127 

5: -4 


. 016 

1. 21 

■ 135 

I. 26 

• 14 

3: 7 - ■ 

176 

4 - 44 

2. 0 ' 

10. 88 

.68 

13.04 

• 813 : 

5: 9 -? 


4 - 41 

2. 0 i 

21. 36 

•443 

36. 7S 

• 783 ■ 

5 .iLl 5 

^ /5 * 

1-8 

, 666 

10. 0 ! 

8.87 

•493 

iS. 03 

1.002 

3:10.5 


.666 

! 10. 0 j 

16. ]6 

•305 

40. 34 

I • 7^5 ■ 


180 

20, 47 

! 12, 7 ; 

10. 26 


; 11-38 

. stlb ’ 

5 ' > ■ 

/9 

20, 47 

i 12. 7 1 

24. 11 

• 455 

I 22.15 

. 4 is: 

'■ 7 '^ 



! i 


. 

1 



— 


Comparisons of the contents of plants at different stages of growth a;e 
rep>orted in Table XTX. 


THH p:EEECT of MAXI.MCM QUANTITY OF CALCIUM AND MAGNEsIt-M 11 ' 
WHEAT AND SOYBEANS IN SAND (SERIES K) 

Analysis of sand treated by different methods shows the hot-extratiul 
sand to contain only slightly less calcium but considerably less nia.crt:- 
siuni than the cold-extracted sand. _ 

Table XIX shows the analysis of wheat and soybeans grown in sisw 
sands. It can be seen that the soybeans contained only slightl) 
these two elements than was in the seed, bul it must be rememoered 
scarcely any growth occurred. However, the wheat, pots 193 b-’ 

contained from 12 to 22 times as much calcium and 4 times a> 
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magnesium as was added in the seed. Now, in pots 199 to 202, where 
a small amount of easily available calcium had been applied, the per- 
centage in the plants was materially increased. 

Attempts were made to grow wheat and cowpeas in paraffin, so that 
Lhev would have no access to calcium and magnesium, However, this 
permitted but little growth, and analyses of the total plants thus grown 
showed their calcium and magnesium contents to be equivalent to the 
amount present in the seed. 

TabCR XIII .— of wheat and soyhcmis grown in extracted satulsencs K 
SOYBEAN PLANT 





Composition (if plaiils. 


SufiHliincc 
added in 
j seed. 

For NTs. 

i 

Treutment nf f.arif!. 

Ciilniim. I 

>fayTJe?ium. 

Molecular 
ratio of 
caliiuin 
to ma;:ne- 
smm. 

Cal* 

ciuin. 

Mukuc- 


Extracted with hy- 
drochloric acid 
in the cold. 

Mu-m. 

P,r<l. ■ 

1 

1 

■ Pit ' 




iS9and 190^*] 

1 

2. 15 

0, 293 


0. 376 . 

5 : 1 0. 6 

1. 16 ' 

2.32 

191 and 192 j 

Extracted with hy- 
drochloric acid 
on steam bath. 

T- 5 1 

■ 335 

' I- 65 

• 369 I 

5(: 9.2 

I. t6 

2 . 32 


WHEAT PLANT 


193 and 194 

Extracted tN'ith hv- 
drochloric acid 
in the cold. 

1 ■ 67 

. 22 

• 78 

• ^ 3: 9-7 

. 03 

. 18 

195 and 196 

Extracted with hy- 
drochloric acid 
on steam bath. 

i -36 

. 168 ' 

p 

i .337 i 5:16. 7 

•03 

. 18 

19; and 198 

0.2 gm. sodium bi- 
carbonate tNa 
HCO,). 

. So 

1 

• T55 

• 74 

■ 144 : 5: 8 

•03 

. 18 

199 and 200 

0.2 gm. sodium bi- 
carbonate (Na- 
HCOs) O' 05 grn. 
calcium nitrate 
; (Ca(N 03 )A. . j 

I. 14 j 

• 3 

• 33 

: . 093 ! 5 : 2. 5 

•03 

.18 

1 

201 and 202 

; 0.2 gm. sodium bi- | 
carbonate (Na- ! 
HCOA 0.C5 gm. 1 
; calcium n'itrale 

(Ca(XO:,b) 0.03 1 7 | 
! gm. magnesium j 

: sulphate (MgSO/)l 

• 34 

1 : 

! i 

! 

. 2.17 

I i 

I I 

.48 

.35 '5:11.8 

i ■ i 

• 03 ! 

! 

i 

.iS 

t 


The centainers in this series were tnl] Jcca beakers liolclins i. v..c uf sand. 

^ From Table XIII it can be seen that the plants contained more calcium 
magnesium than was added in the seed, thus showing their power 

tain these two elements from sand that had been previously exrrac^ed 
'vith acid. 
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EFFECT OF MAGNESIUM AND CALCIUM IN SULPHATES, CHLORIDS, axj, 

CARBONATES UPON WHEAT AND SOYBEANS IN SAND (SERIES L AND Mj 

When calciitm and magnesium were appUed in sulphates, chloriils, 
and carbonates the smaller appheations gave the highest yields, a, 
recorded in Table XIV, o.i per cent of magnesium in the carbonatt 
inhibited germination and permitted no growth, whereas this quantiiy 
in the sulphates and chlorids gave considerable growth; however, tat 
chlorids were more detrimental than the sulphates, while at lower concer,. 
irations, such as o.oi and o.ooi per cent of magnesium, the carbonates 
gave the best growth, the chlorids being the most detrimental. In the 
^se of soybeans all the eWorld treatments permitted practically no seed 
formation, while treatment with smaller quantities of carbonates gave 
considerable seed. The root formation was relatively the same as the 
ton orowth the detrimental effect accompanied short thick roots which 
anDe“arcd brownish or reddish brown. Plate LXXXVH shows ihh 
comparative root growth. Plate LXXXVIII. figure i, shows die 
comparisons of wheat when grown in extracted sand and m dolomite, 
higure 2 shows the retarded growth of wheat due to the chlonds oi 

TvniP XIV of likoat avJ soybeans per pot on the uater-free hanrih 

chlonds, ond earbon.Us of ma.nesuun and calcium -senes L and 


'rot No.: Tops. I Roots. Pot No. Tops. ; Esc 


age of magnesium in niugne- 
SLilpbate plus calcium sul- 


percentage of magnesium in magne- 
sium elilorid plus calcium chlorid: 


Percentage of magnesium In magne- • 
Slum carbonate plus calcium car- ' 
bonate : 


. 001 
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In Tabic XIV pots 205, 208, 210, 212, 213, 216, 218. and 220 were har- 
vested 53 days after planting, iheir duplicates were pcrinitted to grow 
12 days longer. Pots 221, 223, 226, 227, 229, 232, 235, and 237 were 
harvested at maturity, So days fiom the tinie of planting. Duplicates 
were grown only 53 days. The analyses are given in Tables XV and X\T . 

T\£I,eXV,— of straw of wheat grown with sulphates, chlonds, and carhonates 
of cakium and ntagnesium— series L 


SLXPH.ATI-S 


i\A Xo. 

ISuljstaiu'L* fuldt'd 


Cimijiciiif 

n d plants 


Molecular 

Calcium. 

siuiii. 

Calcium. 

■ 

MaKiii-siiiin 

ratio oil 

I'ulijnm 
to niaeiie- 
sium. 





Jbr av!. 

Mem. 

Per i enl. 



0. 2 22 

0. 1 

18, 48 

0. 77 

^.V 43 

0. 644 

6. 0 


. 022 

. Cl 

26. 6 

. ;o 

38. 8fi 

• 

5 


. 002 

. oor 

15. 2 

.40 

5 - 73 


5: 3. 1 



CHLORIDS 







. 222 


2 2. =5 

’■A 

11.77 

• 7«3 

5: 4-3 

2^2 

. 022 

. 01 

12. 67 

■ 362 

g. 66 

. 276 

5; 0.8 


. 002 

. OCI 

22. 36 

•43 

9- 05 

• 174 

5 - 3-3 

CARBOX.-^TES 



. 022 

. 01 

Q. 21 

.28 

2C- 33 

. 616 

5:18. 3 

::S 

. 002 

. 001 

17. 28 

■ 43^ 

Iv 68 

. t:q2 

- 7-5 

:;c 





■ ^53 

2. 58 

• -*-3 

5 ' 4 


The plants used in the experiments in Table X\' were harvested when 
53 days old. 


Tabui- X\'L— Analysis of soybean hay grown with sulphates, chlorids, and carbonaits of 
calcimn and magnesiumscries M 


seep HAT Its 



J:S 

2-;d 

. 222 

. 022 

. 002 

i V '-39 
. 01 1 25, II 

. 001 ■ 13. Sg 

• 93' 

.3S6 

13.96 
ly. 54 
10. 26 

. 605 
• 724 

. 2S5 

rU 

5 6. I 



CARROXATES 





- ... __ _ 









1 

. 023 

' . 01 I 27, 26 , 

•94 i 

2 1-02 

. 82; 

5 ' 7 ' 3 


. 002 

• oor 72, 13 

5 '!' 1 

38. 36 

. 600 

5 • 4 - 4 

— ^ 




4- 04 

• 311 

5 ■ 4- 7 


42: 1 !)’--],] 3 



6i6 
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El't'ECT OE MAGNESIUM AND CALCIUM IN CALCAREOUS SOIL, DOLo^;J^P 
AND MAGNESITE, AFTER ALFALFA, UFON SOYREANS (SERIES N) 

The soybeans in series X were grown after three crops of alfalfa liad 
been removed and the. roots turned under. Pots 239 and 240 sho'v(,j 
but a small amount of growth. Pots 231, 232, and 253 showed considr... 
able organic growth, but the plants were sickly and did not yield muci 
seed. The yields are reported in Table XVIT Analyses of the phnu 
Table XVTII, show treatments with the largest quantities of 
slum in magnesite, giving the plants with the greatest magnesiun] rwp. 
tent and containing as much as 29.92 pounds of magnesium per 
Also proportionately the highest amount of calcium and magneseini 
were found in these pots. The. check pots, 239 and 240, showed 
lowest percentage of calcium and magnesium in the plants grown 

Table XVIL— Y'icWj- of ioylwini (in ^ratns por pot on ike rL'aicr-fn’e baxif) 
r./ V't in S0'{, inonnenie, and sandsorm S 


Treaimtiul . 

Afo!orii!:ir 

iiilcium 
to m.'.;. 



st’rics N. 


Pot No. 

Tops. 

Root... 

Sop-i;. 

None 


^59 

I- 3 



240 

r.6 

. . 

Percentage of iiLij^ncsnirii in calcareous 





Soil; 







f =::o-S 

241 

5-6 

0.6 




1 Sd-S 

242 

7 - .3 





1 'ItyS 

243 

7.2 

X. 2 



1 GS-S 

244 

6.2 





S. 




1 5d.8 

246 

6. i 



: 

i 5w9 

-17 

12. 1 


fc. G 



1 5 d-d 1 

248 

6.5 

1. 0 


Pcrceunu;e of fnigoicsiitiu in ma;jjricsile 



plus calcium carbonate : 

0.2 

i 54 

249 ! 

6.6 


3 


V 54 

250 

6.6 



TO 

( 5 :^A 5 

252 1 

3-8 




1 5 'i 25 

2^3 

8-5 ' 



Percentage of magnesian' in niugncsitc; 




■ 

0.6 




i 

I 

Perccuiage of iiiugncsium ir doioniiw 



4. 0 ^ 

1 ' / 


Cj ; 

2 

1 

254 ! 

1 

3-8 

1 


1 


* ^ 1 



Pots 2,]0, 242, 244, 243, 3,47, 249, and 253 were harvested at maturity, 
or 80 days after planting. 

riic plants used in the experiments in Table XYIII were 53 days old. 

Table XIX shows the differences in composition of wheat grown tindfi 
the same treatment but har\'ested at different periods of growth, 
first plants were hap,'ested 53 days after being planted. It was the 
original plan to allow the duplicates to mature, but owing to attacks of 
mildew they were liarv^ested 12 days later. 
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XVIII .— <^f soybeans yrowii after alfalfa hi soil, maqnesife, and sand— 
scries A 


— 

Substance added. 


Coiiiij(j(,ition of plants. 


Molecular 

raiHi of 

Pot Ko. 

Calcium. 

Maiiiesiuni 

Calcium. 

Maeuesiuin, 

cak-iuTri 
to mas- 


Per eent. 

0. 014 

J^er cent. 

0. 016 

7. 02 

Per eenl. 
0. 34 

Mem. 

4. 6 ; 

Per cent. 
0. 354 

4 


5- 78 

2. 64 

loq, 76 

I. 96 

41. 5 





2, 8g7 

I. 328 

13 1. 0 

1.82 


• 732 

5- O' I 

1 X. z 


!■ 455 

.672 

• 344 

90. 28 
76, 62 

1.4S 
r. 225 

4A 88 ; 
48. 42 . 


1 0 00 

5:4.4 

S • X 


4- 44 

2. 0 i 

82. 83 
29. 04 

T. >2^ 

76, 34 . 

• i 4o 

I. TQ 



: . 666 

6. 0 i 

. 726 

30. 40 ' 
36. 83 ' 

■085 

I. 496 ! 

! 5 • 7' 9 


.666 

10. 0 ! 

5-^- 8.5 

.864 



20. 47 

T2, 7 

46, 96 

I. 2,6 


. 835 

''M 4 
6 



1_ 






The percentages of calcium and niagiicsiiim were greater in the plants 
han-eslcd in the earlier stages of growth. In the wheat the i)ropO!tion 
of magnesium to calcium v/as somewhat greater in the later stages of 
growth. Still it must be remembered that the plants were by no means 
thoroughly matured. This was not the case with the soybeans, as is 
shown by Table XX. Soybean plants at maturity, or 8o davs after 
planting, showed higher percentages of calcium and magnesium than at 
the end of 53 days of growth, except the checks in sand and those having 
had extremely small applications. 


Table XIX . — Composidon of -.fneai at dijjcrent stages of gro’U'ih 




WlKMt 

5 j daj s old 


Wheat '15 day 

e>;d. 

Treatment, 

Pol Xo 

Calcium.. 

, M:l:> 

: uc^^um. 

Molecular 

TililO of 
calcium 

Calcium. 

Ma<;- 

ne,^uiui. 

itolccular 
raik. of 
calciLiii 

1 1 mae- 
iKsiuni. 

Xojic 

Percentage of magne- 
sium in dolomite C3; 

17.3 

0. 44 

0. 137 

5: 2.4 

0. 133 

0 . I .-', 

5: 7. I 



.54 

■ 599 

5; 9-2 

■455 



Percentage of inagne- 


. 418 

,.6 

Slum ill magnesite: 








10 


•493 

.68 


5 : 16. 9 


.765 


2 



•305 

5-21 

Percentage of magne- 
sium in magnesium 
sulphate: 

I/S 

. &15 

5 * 9-9 

■ 44 ^ 

• 783 

5:14.6 

0. I . . , 




5: 6.9 




0. 01 ... . 

205 ■ 
207 

• / 1 
. 70 
. 40 

■ ^44 1 

-40 

• 2?5 j 

• 984 

• .34 

! .646 

• ^58 

. 604 

i 5: 7-3 

0. GOT 

• 97 

5:11. 5 

■ 5:13-4 
i S: 5 - I 

Percentage of magne- 
sium in iiiagaebium , 
cHlond: | 

0. 1 . . . ‘ 


5: 4.3 
5: 6.8 

0. 01 ; 

i 

S 

.362 

• 785 

' .3:5 

0. 001 . . 


. 276 

‘ 3 ° 

. 31 

! 5: 8.6 

ItTcentagc of magne- 
sium in magnesium 
carbonate; 


• 43 

■ ^74 

5: 3-3 

.245 

• 163 , 

1 5: 5-5 

<5 . 01 , . , 

■ 2^5 
217 
219 

.28 ’ 

A. 





0 . 001 . , 

None.. 

•432 

•253 

. CUD 

■ 392 - 

• 123 

5:18.3 

5: 4 ' 

• 405 ! 
•455 ■ 

• ^5 1 

. ^87 
.316 
. 16 

t;: 12 
.3: . 3.8 

5: 8.8 
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Seissl ('^2) experimented ^vith a large number of plants in various 
statues of growth and found a slight fluctuation in the ratio of calciuui 
to magnesium in the ash analyzed in the different years. In nearly 
every instance there was a progressive increase in the ratio of the lime 
to the magnesia content towards autumn. In only two cases ^Yas the 
lime content greater than that of the magnesia. 


TABLn XX. —Composition of soybeans at different periods of grondh 


1 

1 

Soybeans c;, tbn s 

old, 

Soybeans Ko 4^^ s nld. 

TreatiiU'nt, 

Pot No. 

Calcium. 

1 

Mas- 

11 esium. 

Molecular 
ratio of 
calcium 
to mag- 
nesiuin. 

t 

Calcium. | 

Mas- 

nesiliin. 

'Mcculat 
ratio ot 
calcium 

to ma:- 

nesiusn. 


181 

PcT cniU 

0 . 3-14 ■ 

Prr rent. 

0. 449 

5:10.8 

Per cent, 

0. 29 

Per ten!. 

0. 28 

5: 8 

Percentage ol magnesi- 
um in dolumite C3 : 

187 

I- 546 

. 964 

5: 5-2 

2. 07 

1-3 

5: 5-2 

Percentage of magnesi- 
um in magnesite ; 

185 

. 96 

I. 032 

5: 9 

•75 

I. T38 

5:12.6 


183 

I- 357 

. 838 

5 - 5-2 

I. IS 

.815 

5 - . 3-9 

Percentage of magnesi- 
um in magnesium sul- 
phate: 

1 221 

1. 19 

I. ZI 

5 ' 8 . 4 

1.71 

2. 28 

3UT.1 

01 

223 


, 642 

5: 6.2 

I. 215 

1-31 

5: 9 


225 

■ '9 

■ 34 

5: 4.8 

.6 

•356 

5: 4-8 

Pcrcent.'igc of magnesi- 
um in magnesium 
cliloriH: 

. ' 227 

■ 733 

. 663 

5: 7-5 

2 - 55 

1-33 

5 - 43 

QI 

■! 229 

■ 93 

■ 724 

5: 6.4 

.65 

• 495 

5; 6.3 

001 

• : 23^ 

.386 

.285 

5: 6. I 

.27 

•255 

3: ;'9 

Percentage of magnesi- 
um in magnesitim car- 
bonate; 

•' 233 

• 94 

• 825 

5 ■ 7-3 

I- 13 

1. 19 

.5: 8-7 


•: 235 

I. 145 

. 609 

5: 4-4 

I- 57 

•399 

5: 2. 1 


, 237 

• . 3.3 

. 311 

5: 4 - 7 

•36 

. 184 

3: 4.2 

Percentage of magnesi- 
um i n cal c areous soi 1 ; 
2.64 

• 241 

243 

I. 96 

I. 82 

• 741 

. 7^7 

5: 3- 1 
3: 3-3 

30 

3 - f ’5 

.997 

I. 29 

1 5 - 2.7; 

k-o 

2A^ 

I. 48 

• 783 

5: 4-4 

2. 7 

I. 016 

■ 3 • 0- ’ 

•? < - 

I. 225 

#745 

5: 5 - I 

2, II 

• 79 

1 3: 3 -' 

None 

Perce ]itage of magnesi- 
um in iiiagiicsite ; 

. 239 

.54’ 

I. 2?3 

• 5:4 

i 

1 -9 

5 ' 5-4 

3 ■ 7-9 

• 17 

I- 55 

. 118 

I. 55 

' 5 - 9 ‘' 



: . 864 

1 T. 496 

3: ^ 4 - 4 

n M 5 

2. 

5 'b'- 7 





1 



— 
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Table XXl.—Tokratice of crops for cakitm and magnesium 





Wheat. 



.Alfalfa. 


Xrcetineiit, 

ratio of 
calciom 
to mag- 
nisiuin. 

Calcium. 

Mag- 

nesium. 

.^rolet:lllar 
ratio of 
calcium 
to mag- 
ucsiijin. 

Caldum 

1 

Mag- 
i ncsium. 

1 

; Molecular 
ratio of 
calcium 

1 to mag- 



0. 187 




n ,0, 


percentage of magne- 
sium in dolomite 
Ci: 

5; 4 ' 8 i 

i 

. 29S 


5: 7. 6 1 

2.51^5 



Q * 

5 ■ 4 - 8 ■ 

• 386 

. 421 1 

5; 9. T 

2. 02 2 ' 


5 • 4 

Percentage of magne- 
sium in bronti-gray 
silt loam; 

0,35^ 

5'9- <5 ! 

. 296 

^ 1 

.256 • 


-595 


2. 2 

Percentage of magne- 
sium in dolomite 

Q- 


■ 574 

• 75 ® 

" : 12. 6 1 

] . o6.> 



Percentage of magne- 
sium in magnesite: 

5:125 




I. ^Si 


> ' 5 * 5 










The yields in the pots in Table XXI ^\-ere practically the same on the 
diilerent treatments. This shows the alfalfa to contain more calcium 
and magnesium than the wheat. Some of the other treatments show 
higher percentages of calcium and magnesium, but the yields are not com- 
parable. It might be interesting to note that soybean hav at maturitv 
contained per ton as much as 73 pounds of calcium and 25.2 pounds of 
magnesium when grown in a mixture of equal parts of sand and calcareous 
soil, but when grown in a mixture containing 40 per cent of magnesite 
there were 22.9 pounds of calcium and 43,3 pounds of magnesium per ton. 

DISCUSSIOX 

The experiments reported here cxiend over a period of tlircc vears 
(1913 to 1915) and include approximately 300 ]Jot cultures and upwards 
of 300 duplicate determinations of calcium and magnesium. 

Difficulty was experienced in finding a medium that was free from 
Ccilcimn and magnesium, and which \vould still ap)proach soil conditions. 
Attempts were made to grow plants in aluminum turnings but without 
success, probably due to the formation of some aluminum salts when the 
plant foods were added. It is ^vcll known that aluminum salts disturb 
the physiological functioning of plant organs. 

I'Mieat and cowpeas grown in granular paraflin without the addition 
0 calcium and magnesium showed in the total plant only an amount 
actual to that furnished by the seed. 
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The cUlTercnce in the medium in which the plants were grown caused 
ilifTcrciit effects upon the plants. Brown silt loam was a better mcdiur,] 
than sand when treated with chemically pure magnesium carbonate, even 
though it already contained 25 times as much calcium and magnesium 
as did the sand. Still sand would have an ameliorating effect when com- 
pared with soluiion cultures. Jensen (ro) found that in quartz sand a 
much higlier concentration of salts was required to cause death than in 
water cultures. 

As previously shown under literature studies it is quite genenillv 
believed that j)lants have to some extent a selective absorption. Tbe 
results here seem to indicate such a condition, for the dolomites 
tend to go into solution in a niolecular ratio, but the plants failed to ta'ce 
them up ill this ratio. The tendency of the plants under these conditior.< 
was to take up relative! v larger molecular proportions of magnesium thmi 
of calcium. Analysis of the plants show that they do not necessarilv 
take up calcium and magnesium in the same ratio as applied, as, iVt 
example, in dolomite C3 the ratio of calcium to magnesium is 5:;.:^ 
while the plants may and do take it up in a ratio of 5:7 or 5:3.95. 

In the case of the addition of 25 per cent of magnesite the ratio of cal- 
ciimi to magnesium was 5 : 125, while in some of the plants grown in such 
treatiTienl. the ratio varied from 5:15 to 5:21. Wheat grown in sr-il 
treated with 6 per cent of dolomite showed in the tops a ratio of 5:(;.i 
and in the roots a ratio of 5 :4.35, or for the whole plant a ratio of 5:6.^ 
while in dolomite Ci it was 5:4.8. Alfalfa grown in the same treatment 
showed for the entire plant a ratio of 5:4.2, but when grown in sdl 
treated with dolomite C3 the ratio for the total alfalfa plant was 5: 
3,95, while in the dolomite the ratio of the calcium to the iTiagnesinni 
was 5: 5.2. 

The chlorids of calcium and magnesium were more dettiinenta! to 
wheat and soybeans than were the sulphates at concentrations up to 
o. I ])CT cent of magnesium. This amount of magnesium in the prepare;; 
carbonate entirely inhibited grorvth, whereas louder concentration gave 
better growth than cither the sulphates or chlorids. 

Wheat 65 days old showed smaller percentages of calcium and ina;- 
nesium than did similarly treated wheat at 53 days of growth, but the 
total amount of these two elements in the plants increased with the 
duration of growth. 

Soybeans at maturity, or 80 days after planting, showed for the li:=.y 
higher calcium and magnesium contents than at 53 days of growth, 
except in the case of the checks and those treated with extremely 
quantities. vSome of the samples showed as much as 73 pounds of cal- 
cium and 25.2 pounds of magnesium per ton when grown in a mixlutc 
of one-half sand and one-half calcareous soil, but when grown in 
comaining 35 per cent of magnesite there were 22.9 pounds of calcnnti 
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Hid 42-3 magnesium per ton; ^vhereas the checks contained 

g pounds of calcium and 5.6 pounds of magnesium. 

" Whenever excessive amounts of magnesium were applied, there was 
„ ^characteristic appearance of yellow leaves. The uppermost leaves be- 
came yellow and gradually died, while the loiver leaves remained green. 
This condition is characteristic of magnesium sickness and just the re- 
^•erse of the effects produced b}' translocation processes. 

The general tendency is for the percentages of calcium and magne- 
qiim in the plants to increase witli the increase in size of applical.ion. 
Likewise a high magnesium content in the plant lends to accompany 
plant sickness, as sickly and healtliy haves from the same soybean 
plant showed, respectively, i.ii per cent of magnesium as against 
c.SS per cent magnesium. 

All varieties of the seed used contained more magnesiim; ilian cal- 
cium, while ordinarily the reyiainder r)f tlu' plant contained ninre cal 
cimii than magnesium. This conforms with the data of Schulze atnl 
Godet, who report more calcium in the husk and more miagiicsinni in 
the seed. 

Nitrogen was applied to the legumes as well as to the cereals, so as 
to be sure that this was not the limiting factor. 

In a number of instances (he difTerences in the yields between dupli- 
cates were as great as between the different treatmcins. At several 
tx-riods during the growth of the plants parasites caused injuries, some- 
timts great enough to necessitate har\(‘Sli7ig the crop. 

C(>XCLT'SrOXS 

G) Wheat, soybeans, alfalfa, and cowpeas grew nonnallv either in 
f/i per cent of dolomite and 4 per cent sanrl, 100 per cetit of magnesian 
limestone, or in sand containing 7 per ceiii of inagnc'ile. 

12) Dolomite u]i to ,jo ])er cent proved bentficial to plant growth. 
These results indicate that dolomite and magnesian limeston.e will not 
be detrimental as applied in agricultural jmactices. 

(4) Applications of prepared magnesium carbonate up I0 0.7 per emit 
caused no injury in brown sill loam, but 0.45 per cent prevented the 
growth of all plants tested in sand. 

The crop yields and the ratio of calcium to jnagncsinm in llic 
plants bear no direct relation to the ratio in the natural carbonates 
applied. 

(5) Different ralios of calcium to magtiesiimi within rather ^\•ide 
limits produced no marked differences in yields. 

f6) Increasing the size of applications incrcu'^ied the calcium and 
i^agnesium content of plants. 

'?) A tolerance of calcium ami niagncsiuTn occurred in all varieties 

plants grown. With approximately identical yields, wheat straw 



6 i6 


Journal of *-l gricultural Research Vi,i. vi. v,,. 

grov.ii iii sand, brown silL loam, dolomite, and soil containing 35 p.^ 
cent of magnesite showed calcium contents varying between 0.165 ptr 
cent and 0.547 per cctit and magnesium contents varying between o.i;: 
per cent and 0.955 cent. 

(8) Acid extractions failed to remove all the calcium and magnesiun^ 
from the sand. There remained after the various extractions from 76^ 
to 852 mgm. of calcium and from 540 to 960 mgm. of magnesium ptr 
6,000 gm. of sand. 

(9) The plants possessed a decided ability to obtain calcium and mag- 
nesium from sand extracted with strong hydrochloric acid, as hori’.L' 
out bv the following example: Three crops of alfalfa removed from aci.l 
extracted sand 164.43 mgm. more calcium and 90.4 tngm. more niagra- 
siiim than was coiitaincd in seeds similar to those planted. 
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Fig. I.— Growth of Avheo.t in sard containing varying quantities of calcium 
ffiagnesiuni. The i.uuiU growth of vcheat in the pot marked “t[r magticsium 
due to a detrimental uhysieal effect. 

Fig. 2.— Growth o; alfaifu in sand containing varying amounts of calciu::] 
magnesium . 
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PLATE LXXXV 

Fig. I. — Growth of soybci'.ns following a crop winch had already absorbed mnsi of 
tl-e readily available calcium and magnesiiiin. 

Fig', — Growth of soybeans in s^n! lre;n{^d with magnesium. Note the sickly’ 
aopLV. ranee of the lop leaves in the right-hand pot, which is charactcristicof treatment 
v.'hil iarge quantities of magnesium. 



